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Duplex Con-Ten Supports for loads 
of up to 15 tons and movement up to 
18 in. This type is acknowledged as one 
which produces minimum friction and 
kinematic variation. It has been speci- 
ally designed for any applications where 
exceptional accuracy is demanded. 


Conventional-type Con-Ten Supports 
for loads of up to 4 tons with a total 
vertical movement up to 12 in. 


Leibfried Red Top Pipe Supports for 
loads from 100 to 5,000 Ib. and total 
travel of 3 in. 
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WATER 


Bt BY Boiler feed water 
demineralisation | 
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Fuel rod cooling pond 
WATER water treatment 


BO BY Primary and secondary 


TREATMENT loop water purification | 








Effluent treatment 
WATER 


... In fact, for any water 
treatment plant required for 


Nuclear Power Stations, please 





TR EATM ENT allow us to tender 
ho 
4 f} BY & CO. LTD. 
RICKMANSWORTH, HERTFORDSHIRE 
TREATMENT samme 





Telephone: Rickmansworth 6363 
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analised 


Good looking, Clean, Long lasting 


Vacuum/pressure impregnated with clean, odourless, non-oily 
‘Tanalith’ C preservative, this timber is permanently decay- and 
rot-proof and is immune from all types of insect attack. 

Specified for Motorways, Highways and Byeways, ‘Tanalised’ 
fencing’s attractive green colour blends harmoniously with any 
landscape. It is, moreover, harmless to men, animals and plants. 
‘Tanalised’ fencing is locally produced and is supplied to all 
specifications. It possesses all the advantages of timber— light and 
easily handled, low carriage costs, easy reclamation. And where 
untreated timber is liable to decay at vital groundline and joints, un- 
leachable ‘Tanalith’ C preservative maintains timber at full 
strength. 


Write for literature. 
HICKSON'S TIMBER IMPREGNATION Co. (G.B.) LTD. 
Castleford, Yorkshire. Castleford 3841 
and at 8 Buckingham Palace Gardens, London, S.W.1. Sloane 0636 | 
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a new research tool 


& PHILIPS INTRODUCE 
A REALLY PORTABLE 
NEUTRON SOURCE 


The growing application of neutron irradiation 

in activation analysis, and other processes, 

calls for a neutron source that is both easy to 

handle and simple to operate. Philips 

Portable Neutron Generator is designed to fulfil 

both requirements. The generator produces 

a mono-energetic neutron flux, the value of which 
can be easily and accurately adjusted. 

Facilities for pulse modulation are also incorporated. 
The portable neutron source is mounted in a 
cylindrical, oil-filled steel housing. The complete 
control equipment, contained in a single 

cabinet, can be placed at any point up to 45 feet away 







































CHARACTERISTICS: Neutron flux 

(continuous operation) approx 105n/sec 

(pulsed operation) approx 109n/se« 
Neutron energy 

approx 14MeV (DT reaction) 
Accelerating voltage 

0 - 125kV (continuously variable) 
lon source voltage 

0 - 2kV (continuously variable) 
Replenisher voltage 

0 - 5V (continuously variable) 
Pulse length 

10 - 500 sec. (stepwise variable) 
Repetition rate, adjustable 

60 - 300 pps. (stepwise variable 


Mains voltage 
110 - 245V, 50-60 c/s 


PHILIPS PORTABLE NEUTRON GENERATOR 


PROTECTION 


Information and advice is _ 
available from our Radiation 
Protection Service on request. 


ae ent House, g's Cross Road, London W.C.1. 
For complete informacion we oy RESEARCH & CONTROL INSTRUMENTS LTD. ''5""V20, 0024377 "88 Si aac, hinerose 


to the sole distributor 
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These two leaflets provide you with data on 
STILAG for pipe insulation over a 
temperature range —400°F to +-1500°F and 
STILCLAD sections for the general heating range 
up to 500°F. They provide you with all the 
information required for your specification. 


May we send you copies? 


To: STILLITE PRODUCTS LTD. 
15 Whitehall, London, S.W.1. 


Please send Pipe Insulation Data Nos. 7 and 15. 


| 
Regd. Trade Mark NAME | 
| 
| 





ADDRESS 
STILLITE PRODUCTS LTD. 


' 15 Whitehall, London, S.W.I. Tel. WHitehall 0922-7. 


Just attach this coupon to your letterhead. 
A member of the TURNER & NEWALL ORGANISATION 
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‘ABSOLUTE’ 
FILTERS 


(GU) arrroven vesien 
TO U.KALE.A. REQUIREMENTS 


Vokes Series II Fire Resistant filters (part 

of the Vokes ‘Absolute’ range) are the latest 
safeguard in Nuclear Power applications 
involving very high temperatures or risk of 
fire. They operate at temperatures up to 1000°F 
and each filter is individually guaranteed 

99-99 % efficient (minimum) against a methylene 
blue dust cloud to British Standard Spec. 2831 
and/or sodium chloride dust cloud test. 

These filters are manufactured from recorded 
material and serial numbered. A history of 
each filter is kept. 

























NEW FEATURES INCLUDE: 
1 





Greater resistance to mechanical 
and thermal shock. 


2 High paper strength 










. characteristics. 
Bac 3 Greatly improved dust holding Extensively proof tested 
pao capacity, longer life with 
‘Um reduced replacement costs. as follows: 
Bs ds ‘ = ’ . . 
ov a improved safe edge spacer design 1 High frequency vibration. 
"4 to eliminate risk of puncturing glass 
e paper medium. 2 Pulsating flow. 
5 Improved rigidity from new ; 
design casing. 3 Moisture. 


6 Improved cementing techniques. 4 Thermal and mechanical shock. 


Full and abridged technical specifications ; ; 
available on request. 5 Fire resistance. 


Full range of Fire Resistant and Spark Arrester pre-filters 
available for use with these filters. 


leave absolutely nothing to chance 


VOKES LIMITED - HENLEY PARK - GUILDFORD - SURREY 


Tel: Guildford 62861 (6 lines) Telex: 8-535 Vokesacess, Guildford 
Grams: Vokesacess, Guildford, Telex Represented throughout the world 
Vv565 
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with non-overloading Nitsb 4laalelanmneirc! 
| backward curved 
impellers 


Eminently suitable for air /, 
conditioning and ventilating 

installations with large 

volumes and high water 

gauges— particularly High 


Velocity systems. 


efficiency over 


MATTHEWS AND YATES LTD. 


HEAD OFFICE & WORKS LONOON OFFICE 


SYCLONE WORKS, SWINTON, MANCHESTER 135 RYE LANE, PECKHAM, LONDON S.E.15 & 


Telepnone SWinton 2273 (4 tines) Telephone NEW Cross 6571 (4 lines) 
Also at: Glasgow Leeds Birmingham Cardiff - Bournemouth 


material answer 
















Sintox, the alumina ceramic of exceptional insulation 
characteristics, stands elevated temperatures with little 
change in its properties. Superior in tension, com- 
pression and cross-breaking strength, high thermal 
conductivity and superior corrosion resistance. 

For the Nuclear Engineer a new grade of Sintox has 
been developed. Nuclear Sintox has a low cross- 
section capture combined with compatibility with most 
materials used in reactor design. It is versatile in the 
production of a wide range of shapes and sizes, and 
particularly suitable for insulating parts in control 
gear, and mechanical support members. 


to design problems... 





Lodge have de- 
veloped an alu- 
mina spraying 
process, giving 
thermal and ero- 
sion protection. 
Special leaflet on 
request. 









A 
PRODUCT 
oF 


LODCE 














precision engineering ceramics 


(3) Sintox Technical Advisory Service. Freely available LODGE PLUGS LTD., RUGBY, ENGLAND Telephone: Rugby 2166 
without obligation. Please write for booklet. 
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gas 
circulation 


'@) j owers lating blowers which Plannair have designed for 




















Here illustrated is but one of several gas circu- 


various projects with CO, helium, nitrogen, 
argon and air. 





Ambient pressures at which these circulators are 

designed to work range from normalatmospheric 

to 350 p.s.i. at temperatures up to 300°C. Pressure 

rises through circulators extend up to 30 p.s.i. | 
and mass flows through units cover a range up 
to 28,000 lb/hour. Circulators are usually of the 

high speed motor driven type with specially 

designed impellers, motors being gas and liquid 

cooled. ZERO LEAKAGE IS AN IMPORTANT 
FEATURE OF THESE DESIGNS. 


CO2 Circulator for irradiation test rig, output PLA “ NAI eq 
6,300 Ibs/hour at 7.5 p.s.i. pressure differential 
with CO2 at 285 p.s.i. A and 95°C, speed 11,500 

r.p.m. from 200V 400 cycles supply, motor operat- 

ing temperature kept below 75°C by secondary Specialists in air and gas circulation 
gas cooling circuit over water cooling coils. 


PLANNAIR LIMITED, Windfield House, Leatherhead, Surrey Telephone Leatherhead 4091/3 2231 


®) PLA69 
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THE CONSULTING ENGINEER 
Detailed, profusely illustrated articles, news and 
information. Monthly. 3/6d. (Postage 2/-) 12 
issues 42/- post free. 





The 


PRINCES PRESS 


Group 





Printed and published 
by 
PRINCES PRESS LTD. 
147, Victoria Street, 
Westminster, 
London, S.W.| 


Telephone: Victoria 6423 














NUCLEAR ENERGY—DECEMBER, 1961 





NUCLEAR ENERGY 

All aspects of nuciear energy in industrial use, 
science, medicine, education, etc. Monthly. 3/6d. 
(postage 2/-) 12 issues 42/- post free. 













HEATING & 

AIR CONDITIONING 

Lively, authoritative coverage 

of trade and technical matters 
ee in heating, ventilating and 
“sue \ allied fields. Monthly. 3/6d. 
(postage 2/-) 12 issues 42/- 
post free. 


\ 






WORLD 
AIRPORTS. 


~ 


WORLD AIRPORTS 
Articles and illustrated features 
covering all aspects of airports 
operation and maintenance, 
including construction, furnish- 
ing, equipment and facilities. 
Monthly. 2/6 (postage 2/-); 12 
issues 42/- including postage. 





Also available... 











THE CIVIL ENGINEER 
Articles, news and pictures 
and tradeand technical matters 
in the civil engineering field. 
Monthly. 3/6d. (postage 2/-) 
12 issues 42/- post free. 


1 
EUROPEAN ENGINEERING 
EUROPEAN 
ENGINEERING 
News, trade features and 
technical articles for buyers 
and sellers within Europe 
and from Europe to the 
rest of the world. A 
separate section for each 
Europeancountryor 
bloc. Alt. Months 3/6 
(postage 2/-); 12 issues 42/- 
post free. 


Power 
Plant 


‘Pipework 





STEWARTS AND LLOYDS LIMITED S&L 
CLASCOW - RURMENGHAM LONDON 


The Consulting Engineers Who’s Who & Year Book 196! 


Published in Collaboration with the Association of Consulting Engineers. 
In addition to Members’ and Firms’ Who’s Who sections, contains much 
other useful information. Cloth bound, 8vo. 42/- post free. 


Temperature & Degree Days—Season 1960-61 


Monthly tables of official min/max/mean temperatures and degree days. 
Pocket Size. |/- post free. 


MATHEMATICS IS EASY—by D. S. Watt, BSc. pp. 488. 
Figs. 109. Cloth bound. 48s. net. With this book it is possible 
to learn mathematics from the first equation to the most 
advanced calculus. 
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PHYSICS IS EASY—by D. S.Watt, BSc, pp. 560. Figs. 123. 
Cloth bound. 63s. net. Second in the ‘Easy’ series, bringing a 
fascinating subject within the reach of all. Profusely illustrated 
with photographs and drawings. 
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The CARLTON TOWER 
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UNITED AIR COIL specialise in the manufacture of Heat 
Transfer Surfaces to customers’ specific requirements. COOLING 
COILS for use with chilled water, brine and direct expansion 
refrigerants; also coils for solvent recovery. HEATING COILS 
for all systems using either steam or hot water. 


AIR COIL PRODUCTS are Designers and Manufacturers of 
standard and special Forced Convectors, Unit Coolers, Air Cooled 
Condensers and all types of Air Handling Units. 


HEAT TRANSFER SURFACES 
FOR EVERY APPLICATION 


for VERY IMPORTANT PLACES 
For the air conditioning and ventilation installation at 
The Carlton Tower, United Air Coil were selected to 
supply the Heat Transfer Surfaces. 

Similar equipment has also been supplied for heating 
and cooling installations for many other equally 
imposing projects. 


for VERY IMPORTANT PEOPLE 


For Heating in multiple stores, Unit Heaters manu- 
factured by Air Coil Products have been installed. 
‘*Coolaire”’ Unit Coolers also provide pleasant con- 
ditions for shoppers in a Regent Street store. 


UNITED AIR COIL ir. 








UNITED AIR COIL LTD., 14, TRINITY STREET, LONDON, S.E.!. ‘ 


Telephone : HOP 7421/4 
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NEWMAN-VELAN 


FORGED STEEL 
person 





designed for 
high pressure/temperature service 










NEWMAN, HENDER & CO. ‘LTD. 


WOODCHESTER, STROUD, GLOS., ENGLAND 


Telephone: NAILSWORTH 360 (8 lines) Telegrams: Valves, Telex Stroud, Telex 4375 
PARENT COMPANY OF THE NEWMAN HENDER GROUP 
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The speakers... 





Rt. Hon. George Brown 


Sir John Duncanson 
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Dr. Kenneth Rush 


Mr. D. S. Watt 


The world’s first — and 1,100 strong 


says the President at Annual Dinner 


ORE than 200 members and guests 

attended the annual dinner of the 
Institution of Nuclear Engineers at the 
Savoy Hotel, London, last month. They 
were received by the president, Sir John M. 
Duncanson and the vice-president, Mr. 
D. S. Watt. The principal guests were Dr. 
Kenneth Rush, executive vice-president of 
the Union Carbide Corporation, who had 
come from America for the occasion and 
the Rt. Hon. George Brown, MP. 

The after-dinner proceedings were open- 
ed by the president of the Institution, who 
welcomed the gathering. 

** Mark you, gentlemen, when we look 
around, we, as an Institution, have reason 
to flatter ourselves that this is only our 
second annual dinner. Our guest of honour 
last year, Lord Fleck, very aptly described 
the Institution as a * lusty child.” We were 
then some 700 strong in membership. Today 
I am delighted to say we are well over 1,100 
strong. This Institution is the first of its 
kind in the world and no doubt will be 
copied by many. Our recruitment of 
members in the past 12 months has shown 
a fine balance of physicists and engineers and 
you will be pleased to hear that Her 
Majesty’s Navy is not forgetting us, as 
scores of Royal Navy officers and ratings 
have recently joined our ranks. 


Medical applications 


** Before I leave the past and look to the 
future, as we must always do, the Institu- 
tion in 1960-61 has been a forum for the 
reading and discussion of important papers 
on various aspects of the uses—exclusively 
peaceful applications—of nuclear energy. 
In fact, in these days when we all hear much 
about bombs and the horrors of which the 
misapplication of the energy of the atomic 
nucleus is capable, we have had the benefit 
of learning something of the boon this 
form of energy can bring to mankind by way 
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Mr. George Brown appeals for nuclear ship propulsion 


: 





(Left to right) the President, Sir John Duncanson, the Vice-President Mr. D. S. Watt, 
and the Secretary, Mr. J. B. Pinkerton 


of new and undreamed-of techniques in the 
medical applications of nuclear science. 

* As I say, we have to look ahead. The 
American President in his recent eloquent, 
sincere and thought-loaded speech to the 
United Nations did not exaggerate when 
he claimed that the decisions that the world 
statesmen will make in the present stage of 
civilization will affect mankind for the next 
10,000 years. What a nerve-shaking thought 
that is and, among other things, it shows 
what a responsibility rests with nuclear 
scientists and engineers after the statesmen 
have sorted out their problems. Let us 
hope and work that sanity will prevail. 

“To strike a lighter vein, if our Institu- 
tion continues to grow as it has in its first 


two years I would not like to estimate the 
size of the dining room necessary for our 
annual dinner in the year 11,961! If we do 
not destroy ourselves in that passage of 
time, it would defy the most acute and 
penetrating intellect to even dream of what 
types of beings our descendants will be 
like in that far-off future, but they will 
probably look back on us with all our pride 
as little more than groundlings in civilized 
life. So let us hope that we make the most 
of the knowledge acquired over the centuries 
and ensure that our successors will not think 
too unkindly of us. Such is the objective 
of this Institution to play its part in giving 
a glimpse of what life on this earth could 
be if we apply our science and particularly 
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On the top table... 


(Left to right, top to bottom) A. Clasen, Luxembourg Am- 

bassador, J. Tritton, D. S. Watt, K. Rush, Sir J. Duncanson, 

Rt. Hon. G. Brown, M.P., Dr. Copeman (who is also in 

the next picture), Sir C. Dodds, Sir O. Wansbrough-Jones, 

KBE, CB, MA, PhD, Dr. H. Manley, UKAEA, T. W. F. 

Jackson, Dr. A. R. F. Rendall, F. L. Coombs, Junior 
Vice-President 
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nuclear science and engineering in the 
service and not in the destruction of all 
mankind. 

“Coming back from the year 11,961 to 
this perplexing year 1961, | am happy to 
say the Institution’s progress has been non- 
stop.” 

Dr. Rush proposed the toast to 
the Institution. He said that during his 
talk with Sir John in New York, the 
president outlined something of the ob- 
jectives and growing activities of the 
Institution. 

* In turn, I had the opportunity of telling 
him a little of the role of Union Carbide 
in nuclear energy. His keen interest in 
this has resulted in, for me, the happy 
circumstance of being with you this evening. 
It was his thought that you too would like 
to know something of the work our corpora- 
tion is performing for the Atomic Energy 
Commission. 


At the start 

“My company entered the nuclear 
industry almost at its inception. This was 
primarily because some of our processes 
and research work were closely allied to this 
field. From the early 1920s, one of our 
divisions had been mining and milling 
carnotite and roscolite ores on the Colorado 
Plateau for the purpose of extracting 
vanadium. These ores also contained 
uranium, which was stockpiled in tailings 
at the mills in the hope that commercial 
uses might some day be developed for the 
product. From a different vantage point, 
another division of the company which 
specializes in the production of industrial 
gases, had undertaken a broad study of the 
chemical applications of various metals, 
including uranium. 

* Then came World War II. One day in 
1942, a group of United States Army officers 
including General Leslie R. Groves, came 
to see some of our officials about a highly 
secret project. We were told that President 
Roosevelt had decided to give top priority 
to creating the atomic bomb, that the 
Germans were working along the same lines 
and that time was of the utmost importance 
if our country and other free people were to 
escape disaster. A branch of the Army 
called the Manhattan District had been set 
up under the command of General Groves 
to supervise the project. 


Secret search 

“ First, my company was asked to build 
and operate government-financed plants to 
extract and further process the uranium 
compound in the tailings accumulated at 
our vanadium mills and in uranium-bearing 
ores and also to produce uranium metal and 
various other products needed in the pro- 
ject. We were then asked to make a secret, 
worldwide search for uranium ores, pre- 
tending that we were looking for vanadium 
ore, since in many cases these two metals 
are found together. In carrying out this 
survey, our geologists roamed the world and 
were quite successful in their quest. 

“The most exciting and challenging task 
of all, however, came when General Groves 
requested us to co-operate in the design, 
engineering and construction of the huge 
gaseous diffusion plant to be built at Oak 
Ridge, Tennessee and to operate the plant 
on its completion. We entered into the 
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(Left to right) G. Coleman, Maj. C. L. 
Miskin, OBE and L. Goldwyn 





(Left to right) T. W. 

F. Jackson, G. W. 

Hodds, K. Rush, and 
D. Bantick 


contract with the Government as of Jan- 
uary, 1943. The contract was unique, not 
only because of its briefness in covering a 
project of such magnitude, but also because 
of the uncertainty of its outcome. I shall 
never forget one clause in this contract, 
which read, * The design is of an experiment- 
al nature and it is recognized that you have 
no specific knowledge of the processes to 
be employed in the operation of the plant. 
You will, however, at the request of the 
Government and in the interest of promot- 
ing the war effort, exert your best efforts to 
perform the work. But you assume no 
responsibility or obligation that the plant 
can be successfully operated.’ 





(Left) F. L. Coombs and (Right) Dr. A. R. A. Rendall 
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** The proposed gaseous diffusion plant 
was so complex that many thought it could 
not be built and that, even if it were built, 
it would not work. Yet, within two years 
of its inception, the plant started to separate 
uranium isotopes. Although the first 
significant quantities of uranium-235 were 
produced by electromagnetic separation, 
gaseous diffusion proved so economically 
superior that it is now the only method used 
in the United States for the production of 
uranium isotopes in quantity. 

**In 1947, we were asked to assume re- 
sponsibility for the electromagnetic separa- 
tion facilities, which, by that time, were no 
longer being operated for production of 


(Left to right) C. 

Boltz, F. S. Snow and 

Rt. Hon. G. Brown 
M.P. 





uranium. I shall outline later the present 
uses of these facilities. 

“In 1948, Oak Ridge National Labora- 
tory, which was an outgrowth of the original 
plutonium pilot plant, also came under our 
direction. In 1950, we agreed to supervise 
the design and construction of the large 
gaseous diffusion plant at Paducah, Ken- 
tucky and to operate the plant on its com- 
pletion. The Oak Ridge and Paducah 
complex represents a fixed plant investment 
on the part of the United States Government 
in excess of $24 billion. It commands the 
services of approximately 15,000 Union 
Carbide engineers, scientists and crafsmen. 
Its overall scope and diversity doubtless 


(Left) J. Kohut and (Right) Prof. F. Wehrli 


make it the foremost nuclear materials 
production and research centre in the world. 

“The original Oak Ridge gaseous 
diffusion plant has been expanded several 
times and the processes employed have been 
markedly improved. A measure of that 
expansion is its growth from a plant area 
of approximately 44 acres to more than 
100 acres. It houses one of the largest 
continuous chemical processes in the world 
and it consumes more than 15 billion KWH 
of electricity a year. This is equivalent to 
almost twice the annual power consumption 
of the Greater London area. Yet, this 
plant is so efficiently automated that only 
10 per cent. of its personnel is engaged in 
the actual operation of the separation 
cascades. 


Co-operative programme 

“Some of the facilities of the former 
electromagnetic plant, which is called the 
Y-12 Production and Research Centre, are 
now used for defence purposes. The plant 
performs many specialized production 
activities, including the conversion of 
enriched uranium hexafluoride to metal and 
the casting, rolling and machining of this 
enriched uranium metal into various shapes, 
some of which are fabricated into nuclear 
weapons components. The plant also 
maintains facilities for the precision mach- 
ining of beryllium and for the separation of 
production quantities of the isotopes of 
lithium. Many of the technical personnel 
of this plant are engaged in a co-operative 
programme with your United Kingdom 
Atomic Energy Authority under the terms 
of the 1958 Mutual Defense Agreement. 

** Quite a sizeable amount of the work 
carried on at the Y-12 plant is for purely 
peaceful applications. For instance, a 
number of the original electromagnetic 
separators, called calutrons, have been 
reactivated for use in the separation of 
stable isotopes for research purposes. More 
than 270 separate stable isotopes are now 
available from this source. This represents 
all the elements having isotopes except the 
inert gases. Another group of buildings in 
this area forms a major radiation biology 
centre. There, our scientists are conducting 
long-range experiments related to the 
genetic effects of radiation. Other buildings 
at this plant have been converted to house 
important experimental reactor component 
test loops and experiments. Some, because 
of their vast electric power supplies, are 
being used for experiments in controlled 
thermonuclear research. 

** As I mentioned earlier, the third group 
of Oak Ridge facilities operated by my 
company is Oak Ridge National Laboratory. 


























If any of you have had occasion to visit 
this laboratory, | am certain that you were 
impressed with the variety of its work and 
with its diversity of highly specialized 
equipment. For example, there are 15 
technical divisions of the laboratory. Six 
are devoted to physics, three to chemistry, 
one to mathematics and one to biology 
making a total of 11 groups with a basic 
interest in fundamental research. Their 
interests range from mammalian genetics 
and biochemistry to solid state physics and, 
of course, high energy physics. 

** Speaking recently about the impact of 
large-scale science in the United States, the 
director of Oak Ridge National Laboratory, 
Dr. Alvin Weinberg, said: * When history 
looks at the 20th Century, she will see 
science and technology as its theme; she 
will find the monuments of big science—the 
huge rockets, the high-energy accelerators 
and the high flux research reactors—symbols 
of our time just as surely as Notre Dame is 
a symbol of the Middle Ages.” 

* Although Oak Ridge National Lab- 
oratory has, as yet, had little to do with 
huge rockets, when it comes to accelerators 
and reactors the laboratry is indeed richly 
endowed and is still adding to its collection. 
Turning first to the field of high-energy 
physics, we find that the laboratory’s tools 
of the trade include two cyclotrons with a 
third cyclotron nearing completion. In 
fact, as our scientists seek to study more and 
more suitable phenomena in the nuclear 
domain, the requirements on cyclotron or 
accelerator versatility become more strin- 
gent. For this reason, our activities not only 
include basic research and isotope pro- 
duction, but also studies in cyclotron 
design. 


Historic milestones 

** Another phase of the nuclear field, in 
which the laboratory enjoys a distinguished 
reputation, is in reactor design and develop- 
ment. The laboratory has five major 
reactors in operation and two more have 
been authorized. Some of these are 
historic milestones; each serves a distinct 
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purpose. The most familiar reactor is, of 
course, the Graphite Pile. This is now the 
world’s oldest operating reactor. It went 
critical on November 3rd, 1943, less than a 
year after the first controlled, self-sustaining 
nuclear chain reaction took place at Chicago. 
Next in seniority is the so-called Bulk 
Shielding Facility. This is perhaps better 
known as the swimming pool reactor. It 
was reproduced for the first Geneva Con- 
ference in 1955. Today, dozens of pool- 
type research reactors patterned after this 
facility at Oak Ridge are in operation 
throughout the world. Next comes the 
Low-intensity Testing Reactor, which, as 
its name implies, is used for low-intensity 
irradiation experiments. 

* A unique installation at Oak Ridge is 
the Tower Shielding Reactor, now in its 
second generation. Originally built in 
conjunction with the aircraft reactor ex- 
periment, it is suspended from four 324 ft 
towers to provide the conditions for the 
study of radiation scattering by air and 
ground. The Oak Ridge Research Reactor 
is the youngest of the family. It is also the 
most versatile. An advanced version of the 
Materials Testing Reactor in Idaho, it 
has the highest power level (30 MW) of all 
the reactors currently in operation at the 
laboratory. 


Growing family 

*“ All of these reactors are used for 
fundamental research and_ engineering 
studies, ranging from neutron spectroscopy 
to irradiation of an almost endless number 
of materials of construction competing for 
power reactor applications. And the family 
keeps growing. . . 

“A Fast Burst Reactor, which will be 
a low-power, unshielded, unmoderated 
reactor, will go into operation in 1962. It 
will be used to generate short bursts of 
radiation for biochemical research. In 
addition, construction has started on the 
High-flux Isotope Reactor, which will be 
devoted to the production of transuranium 
elements such as curium, berkelium and 
californium for research purposes. It is 
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expected to bring about a millionfold in- 
crease in the supply of these elements by 1964. 

“One activity at Oak Ridge National 
Laboratory that for some years has made a 
direct contribution to the fields of industry, 
medicine, agriculture and research is the 
production of radioisotopes. Over 150,000 
shipments of more than 100 varieties of 
radioisotopes have been made to 60 different 
countries since this programme first started 
in 1946. In general, the laboratory’s 
operations are limited to the production or 
recovery of the isotopes. Final processing, 
fabrication and marketing are now well 
entrenched in the private segment of 
industry. The hundreds of applications of 
radioisotopes, which range from atomic 
cocktails for the treatment of thyroid 
malfunction to industrial tracers used in 
measuring engine wear, are undoubtedly 
the best appreciated results of nuclear 
energy. Let me touch on two that are 
particularly interesting. 

* Technetium-99 was one of the elements 
that was postulated by Mendeleev in his 
periodic table. However, it was long 
extinct because of its relatively short half- 
life. It was not until the advent of the 
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nuclear age that technetium-99 was re- 
produced in nuclear reactors as a fission 
product of uranium and separated in gram 
quantities by our scientists at Oak Ridge. 
Technetium has been found to have rather 
awesome power in giving protection against 
corrosion. Pieces of steel that were immers- 
ed in an aqueous solution of technetium 
salt for over a year are just as bright and 
shiny as when they were first machined. 
Although technetium will doubtless not put 
rust inhibitor manufacturers out of business, 
it is expected to be useful in this field. In 
the meantime, it is serving as a research 
tool in the study of fundamental mechanisms 
of corrosion and passivation. 

“A close neighbour of technetium-99 in 
the periodic table is strontium-90, the 
arch-villain of the fall-out that accompanies 
nuclear weapons tests. This isotope is 
finding increasing use as a source of power 
in remote locations. For nistance, the 
world’s first radioisotope-powered auto- 
matic weather station—a joint United 
States-Canadian effort—is now beaming 
data from an unmanned station in the 
remote Canadian Arctic. The heat required 


to operate the small electrical generator 
used in transmitting this radio information 
is provided by a strontium-90 source. It 
was prepared by Oak Ridge engineers and 
shipped last May. 

** Basic research and radioisotope pro- 
duction are obviously worthy endeavours. 
Yet an organization as large a Oak Ridge 
National Laboratory, which has a staff 
of about 4,500 people, must have a greater 
objective—a specific, far-reaching mission 
in the general public interest. This mission 
is the development of a truly long-term 
solution to mankind’s energy problem. The 
laboratory is approaching this problem at 
three levels. 

** At the first level, the laboratory is con- 
cerned with relatively immediate problems, 
such as the design of reactor fuel elements, 
the re-processing of these elements after 
they have been irradiated and the problem of 
waste disposal. The Experimental Gas- 
Cooled Reactor is a good case in point. 
This reactor, located near Oak Ridge 
National Laboratory, is scheduled for 
completion late in 1962 and will be operated 
by the Tennessee Valley Authority at a 
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power level of 25,000 kW. It is a prototype 
for a much _ higher-powered gas-cooled 
reactor and a test bed for the development of 
advanced gas-cooled reactor fuel elements. 
The objective of this reactor is to lead the 
way to early achievement of competitive 
nuclear power from gas-cooled reactors in 
the United States. Oak Ridge National 
Laboratory is responsible for the design, 
development and procurement of fuel 
elements and control rods for this experi- 
mental gas-cooled reactor and acts as 
technical adviser to the Atomic Energy 
Commission in reviewing the detailed 
design of the overall power plant. In this 
connection, your engineers have given us 
significant technical assistance, which I am 
happy to acknowledge. 


Economic breeders 

‘“* The next level of reactor development 
at Oak Ridge is that of the fluid fuel reactors. 
It is our engineers’ contention that fluid 
fuel reactors have short-term as well as 
long-term incentives. For the short term, 
their fuel costs make them good poten- 
tial competitors for conventional power 
plants. For the long term, they seem to be 
the only systems that can lead to economic 
breeders. Therefore, in Dr. Weinberg’s 
words, they can * serve mankind for ever as 
a practical means of burning the rocks; 
that is, utilizing the unlimited resources of 
thorium in the earth’s granite rocks.’ 

“Our highest level of endeavour is 
related to the ultimate solution of mankind’s 
energy problems. I am referring, of course, 
to our experiments aimed at the achieve- 
ment of controlled thermonuclear fusion. 
There are many different approaches to 
this problem. Our approach at Oak Ridge 
which utilizes many of the skills developed 
in conjunction with electromagnetic separa- 
tion of uranium isotopes, involves the in- 
jection of high-energy ions of hydrogen or 
deuterium into a strong magnetic field, 
which acts as a containment vessel. Recent- 
ly, our physicists made a significant advance 
towards their objective. Using the thermo- 
nuclear machine known as the Direct 
Current Experiment (DCX-1), they succeed- 
ed in increasing the containment time for 
rapidly circulating hydrogen ions in a mag- 
netic field from a few thousanths of a second 
to approximately three seconds. An ad- 
vanced version of the DCX-1 is expected to 
be in operation this fall. Its main advantag- 
es will be a much greater ion injection 
energy and a more uniform magnetic field 
region. 


Advanced training 

“It was a wise man who once said, 
“Men are more important than tools. If 
you don’t believe so, put a good tool into 
the hands of a poor workman,’ As pioneers 
in a new-born technology, we long ago 
recognized our responsibility to help train 
good workmen to go with the tools, indeed 
to make better tools. One tangible example 
of this recognition is the Oak Ridge School 
of Reactor Technology, which is a post- 
graduate level school providing both the 
engineer and the scientist with advanced 
training applicable to the design, construc- 
tion and operation of nuclear reactor sys- 
tems. It is the first school of its kind and 
has graduated over 800 students in its 12- 
year history. Under a somewhat revised 














programme, this school now offers courses 
in hazards evaluation and nuclear reactor 
operations supervision, which by the way, 
are open to students from other countries. 
Another example is an arrangement that 
we have with the Massachusetts Institute 
of Technology, whereby 10 to 20 graduate 
engineering students come to the Oak Ridge 
plants for six-month periods of applied 
study. We also maintain a close working 
relationship with the Oak Ridge Institute 
of Nuclear Studies, a co-operative research 
and training institution sponsored by 38 
southern universities, which itself has 
graduated several hundred students. In 
addition, 50 to 100 university researchers 
come to our laboratories every summer as 
research participants. There are also many 
other lesser projects, ranging from travelling 
lectureships to field training sessions for 
students of health physics. 

** | have tried to give an insight into the 
facilities, programmes and objectives of a 
great nuclear production and _ research 
centre. There is one other significant aspect 
of this centre that I would like to mention 
before closing. The social, political and 
technological revolution that is taking place 
in our century is imposing upon us all a 
continuing re-appraisal of the manner in 
which we conduct our business. We of 
American industry, while still deeply im- 
bued with the virtues of private enterprise, 
nevertheless recognize that our government 
must engage in activities so broad in scope 
and yet so totally devoid of commercial 
incentive as to be outside the normal 
province of private industry. Yet the very 
magnitude of these endeavours clearly calls 
for skills that only private industry possesses. 
Out of this dual recognition has been born, 
since the beginning of World War Il, a 
new form of government-industry co- 
operation that I firmly believe is the best 
answer to the pressures of our time. 


Commercial applications 


“TI am also firmly convinced that, in the 
long run, it is private industry that will 
bring the forces of nuclear energy to many of 
their most useful applications. To that end, 
private industry will continue to have to 
take calculated risks to earn its independ- 
ence. In this connection, I might mention 
that my company has recently constructed 
with its own funds, a large nuclear research 
centre at Sterling Forest, New York, about 
30 miles from New York City. There we 
will strive for the development of improve- 
ments in our ore milling and refining 
operations; and there we will also in- 
vestigate possible commercial applications 
of nuclear energy, particularly in the 
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chemical field. This research centre is a 
symbol of that second facet of our corporate 
policy. The centre’s research facilities in- 
clude a 5,000 kW pool-type reactor, which, 
achieved criticality two months ago. In 
keeping with the training traditions of our 
Oak Ridge operations, we are making the 
use of this reactor available to the staff of 
New York University. 

“In closing, I would like to mention a 
comment made by Professor Eugene Wigner 
of Princeton University, who was the first 
research director at Oak Ridge National 
Laboratory and was also the 1958 winner of 
the Enrico Fermi Medal awarded by the 
U.S. Atomic Energy Commission in recog- 
nition of outstanding contributions to 
nuclear energy. In accepting this medal, 
Professor Wigner pledged his continued 
efforts * to the defence of the free world and 
the consecration of the forces of nuclear 
energy to human betterment.’ This, too, 
must be the goal of our two countries as we 
press onward in the development of this 
new and exciting area of human endeavour.” 


After this highly interesting but long and 
serious address, the response on_ behalf 
of the Institution by vice-president Watt 
came as a touch of light relief. In a speech 
that blended levity and sobriety, he said 
he hoped everyone was being well looked 
after. “It is your own fault if you are not 
in that happy condition in which you don’t 
know whether I am proposing the health 
of the guests or proposing the immortal 
memory of Robert Burns. 

“Seriously, we of the Institution are 
most happy to have so many distinguished 
guests from near and far who have honour- 
ed us with their company: from the United 
States of America, from South Africa, from 
Holland, Belgium, Luxembourg, Switzer- 
land, Italy—need I go all over Europe? 
Like Mr. Columbus, I am not so hot on 
geography. Then we have distinguished 
guests from Israel and even from Bonnie 
Scotland and the most tolerant land on the 
face of the earth, Merrie England. How the 
English put up with us all God knows, and 
we have at least one guest of Russian origin. 
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I am not going to give a list of names. 
Suffice to say we have eminent men of 
action, men of industry, of science, of 
medicine, men of statesmanship and 
politics, not all of the same creed but we all 
get along. 

“Now, before I forget—I dare not—it 
is an elementary fact of after dinner speak- 
ing that one must congratulate the chairman, 
congratulate the speaker preceding one and 
congratulate the speaker to follow. That 
is easy as our chairman and president, Sir 
John Duncanson, our guest of honour, 
Dr. Rush and the able politician to follow, 
the Rt. Hon. George Brown, all have the 
motto of the true man, according to a 
garrulous but brilliant American and that 
motto is /ntelligence and Integrity. These 
gentlemen radiate that. 

** Now, one word on Dr. Rush’s fascinat- 
ing story, his reference to the Manhattan 
Project and its famous leader, General 
Leslie Groves. The General had a wonder- 
ful team of mathematicians, physicists, 
biologists and other experts and he described 
them as the biggest collection of crackpots 
ever seen. Webster’s Dictionary tells me 
that crackpot is American slang for a 
harmless lunatic. Don’t look at me, gentle- 
men, maybe I’m not as harmless as all that. 


On razor’s edge 


““ Anyhow, Groves’ crackpots, indeed, 
men of supreme genious, by their researches 
have placed in the hands of 20th Century 
man a science, nuclear science and a tech- 
nology which can either make paradise on 
earth or hell on earth. Now that technology 
is poised on a razor’s edge. Which way will 
it swing? God knows, but the atom that 
concerns us is not the material atom but the 
most fascinating atom of which we have any 
cognisance, the individual unit of human 
society, you and me. 

“Our physics is wonderful, our ethics 
is weak. But let’s not despair. The human 
story is one of incurable optimism and we 
find when we study the pages of history and, 
as any sociologist will tell you, nothing 
has contributed more to human happiness 
than these gatherings of men, often men 
from different climes and of different 
cultures where we get together, sit together, 
talk together, eat together, drink together; 
through these gatherings we discover the 
one most important fact in the whole of 
human life, a fact that has not yet dawned 
upon us and that is whatever we have at 
variance we have infinitely more in common. 
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And the more of these cosmopolitan 
gatherings we have the more we will 
realize this fact and see the senselessness, 
stupidity and absurdity of anything but 
peace and friendship among us all. 

“So, if this dinner, which is a cosmo- 
politan gathering, has contributed, as I 
think it must, to that understanding, so much 
the better for us all. Here we renew old 
friendships and form new _ friendships. 
If nothing else than that, then dinners of 
this kind are more than worthwhile and we 
are most happy that you have honoured us 
with your company. Come again, come 
often.” 

Responding on behalf of the guests, 
Mr. Brown said he was privileged to thank 
the Institution for a splendid evening and 
a chance to meet many people one did not 
otherwise get the opportunity to meet. 

“IT am glad to know that you have here 
nuclear engineers from Israel.”’ he said. 
** A little while ago I visited Israel, I happen- 
ed, being broadly speaking Arab in political 
sympathies, to be there at a slightly awkward 
time, because I was proceeding to Beirut. 
I was there at the time when a textile 
factory down in the Negrev disclosed what 
its textiles really were. I then went on to 
Beirut and found myself immensely ag- 
gressed upon about what really was going 
on in this ‘ textile ’ factory down in Negrev 
and I assured them that you had no nuclear 
engineers in Israel. I can only trust that 
nobody is going to be so mean as to report 
that they were here tonight, otherwise I am 
going to be in trouble!” 

In a more serious vein, Mr. Brown went 
on: * Let us remember that we are dealing 
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with practitioners in an industry which is 
quite new and pushed about and which has 
its ups and downs. We began thinking that 
you in your peaceful applications of your 
knowledge were going to provide us, the 
people, with energy much cheaper than by 
conventional means. Well, it didn’t turn 
out quite like that. We were rather shocked, 
we the people, through our representatives 
and then there was a cut back on the pro- 
gramme, which I imagine could have had a 
good deal of adverse effect on the morale of 
the people concerned. I must say for my- 
self that I respect very much the way in 
which those concerned with the applica- 
tion of nuclear energy for what is called 
peaceful means, have nevertheless gone on. 

** As an Opposition politician with rather 
less than the necessary support around the 
tables, I gather I must be careful and not 
so blunt. I never really am, but as I am 
sometimes thought to be, I therefore choose 
my words carefully and say I hope we will 
overcome our shyness about marine 
nuclear propulsion. It may be that if we 
are not more imaginative, more willing to 
take a chance, much more eager to go into 
exciting new fields than we seem to be at 
the moment, we may well find ourselves far 
behind the developments of the next half 
century than we would want to be or should 
be. One of your jobs as practitioners of the 
science and certainly one of mine as a 
British politician, is somehow to get this 
sense of adventure so that we may appear as 
one of the leaders in what is bound to be a 
great new field rather than wait for someone 
else to develop and hope to God they will 
let us in on the secret. 


An understatement 


“The danger of that is shown by some- 
thing that Dr. Rush said tonight. He is my 
fellow guest, your guest, my American 
cousin and I am inclined to believe that 
without the Americans today the outlook 
for Britain would be a very poor one indeed. 
But he said something that shook me up. 
About halfway through that distinguished 
lecture, which I only understood by looking 
at your faces and seeing that you understood 
it, he said he was very glad to say that the 
British scientist gave a little bit of help. 
Well, Brother Rush, I thought that was 
the understatement of the year. If you 


don’t mind me saying so, as my American 
cousin, I thought you were giving yourself 
a lot of benefit of the doubt. 
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* At the risk of spending money with no 
return, unless we are imaginitive enough to 
go into marine nuclear propulsion in a 
big way now, some day somebody else will 
be saying * thank you for the help on the 
way.” 

** Another of your guests is the Ambassa- 
dor of Luxembourg and he is here presum- 
ably because Luxembourg is currently the 
centre of Europe and many important 
institutions have their home and their being 
there. That brings me to the question of 
Euratom. I do not know whether or not 
we will ultimately enter the Common 
Market; this is an awfully delicate subject 
for a politician to raise anywhere at all and 
I am certainly not going to raise it after 
dinner. We had better keep our eyes 
towards Luxembourg, towards Euratom 
and remember that there is a great role for us 
to play there.” 


No distinction 


Turning to the president, Mr. Brown 
continued: “Sir, at one stage I noticed 
you emphasized the importance of the fact 
that you are practitioners in the science of 
the peaceful application of nuclear energy. 
I don’t believe that you can distinguish in 
this way between peaceful and non-peaceful 
application of a great new opening in the 
world in that way. All the same, let all of 
us all hope that no politician or group of 
politicians will be so stupid as to blow them- 
selves and the world up.” 

To Dr. Rush, he said: “I have been to 
Oak Ridge twice. I regard it as one of the 
outstanding centres in the world. Whenever 
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I go to America I try to go down to Tennes- 
see, partly to go to a place called Happy 
Valley where some friends of mine run a very 
great trade union and then from Happy 
Valley I go across to Oak Ridge. Some very 
great work is done there as it is done over 
here. There is one other thing which en- 
courages one and that is the nuclear engine. 

“IT happen to believe that the role of 
public enterprise—that is to say the com- 
munity—is the making provision for things 
that are important to the community which 
no one can make sufficient profit out of 
doing privately. I listened to what Dr. 
Rush had to say with great interest, about 
the partnership between public enterprise 


and one of the fields in which public 
enterprise has done a tremendous job is 
providing the finance and basis for the 
nuclear industry in this country. Those in 
private enterprise ought not to be unwilling 
to pay tribute to those who have worked 
jolly hard in public enterprise, doing the 
early dirty work which nobody wanted to 
do. The partnership goes something like 
this. We, the public, do the early research 
and the private contractors come in and 
build the station and lose a lot of money 
over doing it. I have long been waiting for 
the situation where private enterprise loses 
the money and public enterprise gets the 
profits.” AAA 


You are wanted at the AGM 


ON Friday, 8th December, 2.30 p.m. 


AT Caxton Hall, London, S.W.! 


Agenda 


1. Approve the Minutes of the last General Meeting. 


2. Approve the Audited Statement of Accounts. 


3. Palermo Conference. 


4. Report by the President on the Progress of the Institution. 


5. Any other business. 


6. Paper: “‘ Nuclear Propulsion,” by Capt. H. F. Atkins, DSO, DSC, of 


Vickers Nuclear Engineering. 


7. Discussion. 


‘Nuclear 
Propulsion’ 


Nuclear ship propulsion is to say the least 
a very vexed question at the present moment 
in the U.K. Captain Atkins’ paper which is 
to be presented to the Institution on Decem- 
ber 8th, after the AGM makes a complete 
and detailed study of the situation. Feasible 
propulsion systems are examined and briefly 
described without resorting to complicated 
technical detail. A number of interesting 
and useful tables are included in the paper 
which gives considerable attention to progress 
in the U.S.A. Captain Atkins severely 
criticizes the activity of the UKAEA in this 
field and demands instant and effective 
action from the Government. He feels that 
all future ships built for the navy should have 
nuclear propulsion and that at least £20m. 
should be devoted to the development of a 
nuclear merchant ship over the next five 
years. Coming at a time when the ship- 
building industry is facing intensified diffi- 
culties and the Government is showing con- 
siderable hesitation about marine nuclear 
power, this paper is of national importance. 
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Institution organizes First International Symposium 


| aaa have been made by the Institution for an International 

Symposium to be held in Palermo, Sicily in May, 1962. At this Symposium, 
the first of its kind organized, papers will be presented by leading Europeans 
in the nuclear field. Support for the project, which is to be held at the new 
Italian Government Research Institute in Palermo, will be provided 
by CIREN and the Italian Government. Every angle of the vast nuclear 
field will be covered, including the religious side. Simultaneous translation 
will be provided during the Symposium. A more detailed programme will 
be published early next year, but a list of papers is given on the next 
page. Exact dates have not as yet been fixed but the two weeks in the 
middle of May, 1962 should be kept free in your diary if you want to attend 
what must be an historic meeting. 


Sir John Duncanson is to lead the 
British delegation to the Palermo 
Symposium. Without doubt the 
rapid progress of the Institution 
over the last year owes much to the 
apparently boundless energy 

which Sir John expends on our 
behalf, in his capacity as President. 
Much of the work which he has 
carried out over the last year is 
now beginning to show tangible 
results, such as the successful 
organization of this Symposium. 
Sir John has done a great deal to 
further the international relations of 
the Institution; during his recent 
world tour, invaluable contacts 
were established in such distant 
places as New Zealand and the 


U.S.A. 





496 











NUCLEAR ENERGY—DECEMBER, 1961 


First International Symposium Papers 


. Nuclear Fuel for Space Travel—Paper by INucE. 

. Cleaning, Packing and Handling Nuclear Products—I NucE. 

. The Medical Aspects of Nuclear Research—I NucE. 

. Legal Aspects of Space Travel—Prof. Antonio Ambrosini, President of the UN Commission of Space Law, 
President of the AIUS (Associazione Internazionale Uomo nello Spazio) and Professor of Aeronautical Law 
at the University of Rome, Italy. 

. New Aspects in Space Travel—Prof. Eugen Saenger, Director of the Rocket Research Institute, Stuttgart, Germany. 

6. Chemical Anti-radiation Protection—Prof. Albers, Director of the Institute of Medical Chemistry of the University 

of Mainz, Germany. 

7. Psychological and Physical Problems of Space Travel—Dr. Durst-Loebl, Director of the Psychological Research 

Institute of Saarbriicken, Germany. 
8. Shielding of Nuclear Rockets—Capt. Partel, Secretary General of the AIUS, Rome, Italy. 
9. Space Biology and Space Radiations—Prof. Joklik, Vice-president of CIREN, Rome, Italy. 


10. Separation of Radioactive Dust and Aerosols by Special Filters—Dr. Strauss, Director of Research, CEAG (Con- 
cordia Elektrizitaets AG), Dortmund, Germany. 


11. Space Exploration and Religion— Mons. Wiistenberg, Domestic Prelate of the Pope, Citta del Vaticano. 

12. Radiation Protection by the Haematogenous Blood Oxidation Process—Prof. Wehrli, Director of the Clinic Villa 
Montana, Locarno, Switzerland. 

13. Medical Research in the Nuclear and Space Age—Prof. Kuhn (Nobel Prize for Chemistry), Director of the Max- 
Planck Institute for Medical Research at Heidelberg, Germany. 

14. Social Aspects of Work in the Nuclear and Space Age—Avv. Vizzini, Member of Parliament and Member of the 
Directorate of the Social Democratic Party (Saragat). 


15. Nuclear Technology and the Industrialization Programme in Under-developed Countries—M. Stern, Consultant to 
various West African Governments, Paris, France. 


16. Open—Prof. Hevesy (Nobel Prize for Chemistry), Stockholm, Sweden. 


17. Nuclear Research in Germany—Dr. Steimel, Research Director of the AEG (Allgemeine Elektrizitaets Gesellschaft), 
Frankfurt, Germany. 


18. Open—Dr. Eschnauer, Director NUKEM, Hanau, Germany (Degussa and Rio Tinto, etc.). 
19. Radioactive Waters Decontamination. 


awWN = 


4) 





(Above) Prof. Joklik (Above) Mons. Wiistenberg (Above) Prof. Wehrli 


(Below) Prof. Ambrosini (Below) Dr. Gerlach (Below) Prof. Albers 





497 








NUCLEAR ENERGY—DECEMBER, 1961 








(Reproduced by courtesy of the Italian State Tourist Office) 


Palermo - the Symposium City 


Return air fare £69-0-0 (approx.) 
Some details Night flights £40-0-0( ., ) 
for 
. Party booking £63-0-0( , ) 
your convenience 
Hotel accommodation £3-0-0 per night 
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NUCLEAR ENERGY 


DECEMBER, 1961 


The Aims and Objects of the 


Institution of Nuclear Engineers 


HE Institution, the first of its kind in the 

world, was formed by an independent 
body of engineers who felt that a co-ordinated 
lead should be given to the world. Now over 
1,000 strong and in its third year it has a 
freely elected council and is registered by 
Her Majesty’s Government and accepted by 
the Government under Section 16 of the 
Finance Act. Its constitution is governed by 
the Board of Trade. The following are ex- 
tracts from the Memorandum of Association. 
The objects for which the Institution is 
established are :— 


(A) The promotion and advancement of the 
sciences and practice of Nuclear Engineer- 
ing and all branches of Engineering 
kindred thereto, and the encouragement 
of inventions likely to be useful to the 
members of the Institution and to the 
community in general. 


(B) The purpose of enabling Nuclear Energy 
Engineers to meet and to correspond 
with branches in all parts of the world 
and of promoting the intellectual wel- 
fare of its members by periodical meetings 
to read, consider and discuss engineering 
problems and other kindred subjects, 
and the publication and communication 


(Cc) 


(D) 


of information on such subjects to the 
community. The Institution will not 
engage in trade directly or indirectly. 


To establish scholarships, organize lec- 
tures, hold examinations, to grant pre- 
miums and prizes for papers and essays 
and by Research and other similar means 
to enlarge the knowledge and improve 
the science and practice of the branches 
of engineering stated in Sub-Clause (A) 
of this Clause 


To establish, form and maintain a library 
for members and others, also a collection 
of models, designs, drawings and other 
articles of interest in connection with 
the development and improvement of the 
Branches of Engineering stated in Sub- 
Clause (A) of this Clause. 


To communicate to its members informa- 
tion on all matters affecting the branches 
of engineering referred to in Sub-Clause 
(A) of this Clause, and to print, publish, 
issue and circulate such papers, periodic- 
als, books, circulars and other literary 
undertakings as may seem conducive 
to any of these objects. 
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(F) To co-operate with Universities, Colleges 
and Public and other educational insti- 
tutions and authorities in the furtherance 
of education in and dissemination of 
knowledge of Nuclear Engineering in all 
its branches. 


(G) To examine by such tests as it may require 
the qualifications of candidates for any 
class of membership of the Institution 





(H) 


or for any diplomas or certificates of 
competency in the science or practice 
of Nuclear Engineering which the Insti- 
tution may award. 


In the interests of the aforesaid sciences 
and technologies and of the community 
in general to procure and maintain the 
recognition of the professional status of 
Nuclear Engineers. 





Palermo Symposium 


Please indicate with ticks the papers from the list on page 497 in which you are interested and post 


this coupon to: The Secretary, 


Institution of Nuclear Engineers, 


147, Victoria Street, 
London, S.W.|I. 


| oO 5 | 
6 
2 | 
Fj 
3 oO 
8 [ 
4 { 9 [ 


Attendance at the Symposium will be by Registration only. Members fee 10 guineas, non-members |5 guineas up 
till Ist January, 1962. After that date, 2 guineas extra on each grade. All registration cards will be numbered for easy 
reference. Registration by firms for technical observers 20 guineas each. 


| wish to register for the Palermo Symposium. 


Poem meee meee ere ewes eee esses eee eer eee eeeeeeseeeseeeees 


NIN ia erage eer cre Samia Ga SAPO Anal OA aamenen SaaS 


Ua aE MAIO MEINE oo och hc tcc ancnss een dcausiiewscacuaskews 
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Classroom 
and 
Laboratory 


No. 103 The Szilard-Chalmers 
Effect 


Institut National des Sciences 
et Techniques Nucleaires, 
France. 


The Szilard-Chalmers effect consists 
of the dissociation of a molecule 
which is involved in a nuclear reac- 
tion. Sometimes the fragments so 
produced are extremely reactive and 
may combine with the substance 
forming their environment. This is 
the Glueckauf and Fay effect. 

In a beaker, 20mg of inactive 
sodium arsenite is dissolved in 50 ml 
of distilled water and then about 
10g of radioactive ammonium ar- 
senate is added. A 1 ml sample of 
the mixture is removed at once, 
treated with silver nitrate, the pre- 
cipitated silver arsenate being filtered 
off and washed and dried. To the 
remaining mixture is added 0-2 ml 
of 20 per cent. ammonium sulphide. 
The thioarsenite so formed is now 
decomposed by the addition of about 
10 ml of 20 per cent. HCl, the pH 
now being about 3-0. The mixture 
is allowed to stand for 15 minutes so 
that precipitation of the arsenic sul- 
phide is complete and this is then 
transferred to a small filter and 
washed by decantation and on the 
filter. This arsenious sulphide is 
weighed and the amount of silver 
arsenate which would contain the 
same amount of arsenic is calculated, 
making use of the weights As=75, 
Ag,AsO,=462, As,S,=246. Counts 
are made on the arsenious sulphide 
and the silver arsenate. 

Bromine, under neutron bombard- 
ment, is converted into the isomeric 
forms of 8°Br, one form of which is 
a gamma emitter, with half-life of 
4-4 hours, the other a beta emitter of 
half-life 18 minutes. The former has 
an excited nucleus which becomes 
converted into the latter isomer by 
emission of energy via the Auger 
effect and internal conversion. When 
the bromine becomes detached from 
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Arising out of a proposal by Dr. F. R. Paulsen, at a Council Meeting of 
the Institution of Nuclear Engineers, several hundred teachers of nuclear 
science were asked to report on simple apparatus and methods used or 
those which might be useful for practical demonstrations in instructional 
courses. The response was enthusiastic. From all parts of the world, 
from teachers in Universities, High Schools and Colleges, from research 
workers, manufacturers and public relations experts, have come many 
ideas. As a service to teachers, and also to other workers in nuclear 


fields, we are now publishing the many suggestions put forward. 


Each 


suggestion carries the identity of the person who put it forward, and 


also a reference number. 


The latter will facilitate enquiries sent in 


by readers requiring further information. Readers are invited to submit 
suggestions for inclusion in this feature 


a molecule, it forms a positive ion, 
and the latter can react with benzene, 
for example, to form bromobenzene 
and other products. Although there 
is no reaction between ethyl bromide 
and benzene under normal condi- 
tions, if radioactive ethyl bromide is 
used, the liberated bromine will react 
with the benzene to form a bromo- 
benzene, which is radioactive, and 
with a half-life of 18 minutes. This 
effect may be demonstrated by adding 
to 10 ml of benzene 2 ml of radio- 
active ethyl bromide in a 25 ml 
conical flask. The flask is stoppered 
and left for 45 minutes, after which 
the contents are transferred to a 
small distillation apparatus. The 
ethyl bromide is removed at 75°C., 
and then 10 ml of bromobenzene 
added. Distillation is continued 
until the temperature is 150°C., after 
which the receiver is changed, the 
fraction boiling at 155°C. being 
separately collected. This bromo- 
benzene fraction is washed with 
40 ml of sodium bromide solution, 
using decantation, two washes being 
made in this way. A further wash is 
now given with 40ml of water. 
Finally, a 2 ml sample of the purified 
bromobenzene is transferred to a 
small vessel, hermetically sealed, and 
the activity determined. Care must 
be taken to carry out these opera- 
tions as rapidly as possible, because 
of the short half-life of the bromine 
isomer. 


No. 104 Experiments on Decon- 
tamination of Surfaces 


Institut National des Sciences 
et Techniques Nucleaires, 
France. 


In this experiment various surfaces 
are contaminated with P32 and then 
treated by various decontamination 
procedures. The materials used are 
Plexiglass, wood and aluminium. 
For cleansing the Plexiglass, water 
and Teepol are used, while phos- 
phoric acid and soap are used for 


the wood and aluminium. The neces- 
sary equipment includes a portable 
detector of alpha and beta rays, 
small plates of the various materials 
mentioned above, washbottles, for- 
ceps, grease pencils, cotton wool, 
rubber gloves and the cleansing 
materials already mentioned. 

With a grease pencil, areas are 
marked out on the contaminated sur- 
faces, and count rates are determined. 
Then the surfaces are cleaned with a 
piece of cotton wool moistened with 
the cleansing agent and held in 
forceps. Another count is taken. 
The cotton wool is placed in a suit- 
able waste receptacle and the clean- 
sing is carried out with another plug 
of cotton wool moistened with the 
next cleansing agent. The effective- 
ness of the various decontaminating 
agents is compared. 

In a second experiment the con- 
taminant is fission product solution 
and the surface is mild steel. In this 
case, soap and Teepol are used for 
the cleansing. The count rate should 
be plotted against the number of 
cleansing stages used for each deter- 
gent. It is interesting to study also 
the effect of using a phosphoric acid 
treatment followed by soap or Tee- 
pol. 


No. 105 Exchange between Cobalt 
lons and Cobalt in a Complex 


Professor Dr. W. Seelmann- 
Eggebert, Germany. 


A solution containing CoCl, labelled 
with Co60 is converted by an excess 
of NaNO, and acetic acid into the 
hexanitro-complex, the sparingly sol- 
uble calcium salt of which is then 
precipitated. External radiation is 
too small to be harmful in this 
experiment, but care must be taken 
to avoid any ingestion of Co60, 
which accumulates in the liver. For 
this experiment the requirements are 
the following: Co60 solution, at 
1 microcurie/ml, with carrier, in a 
burette; CoCl, solution, 20 mg Co/ 
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ml: KCI solution, 50mg K/ml; 
KNO.,, concentrated solution; acetic 
acid, solid sodium  cobaltinitrite; 
four 25 ml beakers; two Hahn filters, 
with sintered filters 4cm diameter; 
cellulose adhesive tape; ice. The 
actual experimental time takes one 
hour, or a total of three hours with 
the preparations. 

As preliminaries, one should pre- 
pare a measuring cylinder containing 
5 ml of KNO, solution and allow it 
to stand in ice-water; three samples 
of 100-+-5 mg of sodium cobaltinitrite 
should be weighed into beakers. 

To one beaker are added | ml of 
the Co60 solution, | ml of the CoCl, 
solution and | ml of acetic acid, the 
mixture being warmed then to 60°C. 
This hot solution should be dropped 
into the 5 ml of KNO, solution in 
the cooled cylinder. The precipitated 
potassium cobaltinitrite is then fil- 
tered off, sucked dry, and counted. 

To each of the other two beakers 
are added 2ml of water, | ml of 
CoCl, solution and | ml of Co60 
solution. To the first beaker is added 
2 ml of KCI solution at once, the 
precipitate being filtered off, sucked 
dry and counted. Similar procedures 
are followed with the other two 
beakers, but at intervals of one and 
two hours respectively. In all cases 
the counts should be taken through 
aluminium foil, 500 mg/sq.cm. 

(This experiment was designed by 
D. Geithoff and W. Hulsen.) 


No. 106 Uptake of P32 by 
Bacteria 


Joe W. Tyson, U.S.A. 


A suitable culture medium is made 
from 69g of Nutrient Agar and 
300 ml of distilled water, heated just 
to boiling in a | litre flask. A 10 
microcurie sample of P32, in phos- 
phate form, is added to S5ml of 
water and I ml of this solution is 
placed in each of five marked Petri 
dishes. About 20 ml of the hot agar 
is added to each dish in a series of 
12, which include the five containing 
the P32. The plates are swirled to 
ensure mixing, and then cooled. 
Five radioactive dishes and one in- 
active dish are streaked with a 
bacterial sample. Suitable for this 
purpose is Serratia Marsescens, or 
an equivalent non-pathogenic type. 
Before the streaked dishes are placed 
in the incubator (which may be a 
cardboard box with an electric lamp 
burning in it), each is tested for 
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radioactive decay rate. The bottom 
and top sections of each dish are 
now marked, so that they may be 
reorientated in exactly the same 
position. At three marked positions 
on the lid, counts per minute are 
recorded. These six plates are incu- 
bated at about 37°C. for 24 hours, 
removed from the incubator and the 
counts per minute and average count 
rate are determined. 

One medium-sized colony is re- 
moved with an inoculating needle, 
without any agar, placed in a plan- 
chette, dried and counted on the 
GM counter. Similar colonies are 
taken and streaked on the remaining 
four plates. After incubation, a 
similar sized colony is removed and 
the count taken, and a whole plate is 
also counted from the top. A radio- 
autograph may be made of one plate 
from the first radioactive series by 
covering the colonies with wax 
paper cut to fit and laying the X-ray 
film emulsion side downwards over 
the wax paper. The dish, etc., will 
now be wrapped in dark paper or 
several folds of newspaper, left for 
12 hours, then developed according 
to manufacturers’ instructions. The 
results may be presented in the 
following form:— 


Before transfer 


3 


After transfer 


No. 107 Radioautographs of Yeast 
Cells 


Joe W. Tyson, U.S.A. 


The requirements for this experiment 
are: concentrated yeast suspension, 
1 microcurie of P32 per slide, micro- 
scope slides, centrifuge and tubes, 
egg albumen from one egg, Kodak 
emulsion NTB2 or NTB3, desiccator, 
Dektol 50 developer, fixer, hypo, 
photographic dark room facilities, 
distilled water, ether, absolute alco- 
hol, M4700 Tissue Imbedding Solu- 
tion, 250 and 500 ml beakers. 

A quarter-yeastcake is macerated 
in 4 ml of water; this is allowed to 
settle for 5-10 minutes and the liquid 
carefully poured into a centrifuge 
tube. To this is added | ml of P32 


No P32 P32 P32 


Location | ce actin 
9 


Average a ee 


Location | sit, Waisineete ne bh ieee were 


Average ee ere 





(1 microcurie), the suspension being 
incubated for 24 hours, the initial 
uptake period. The cells are centri- 
fuged, the radioactive supernatant 
liquor being rejected. The cells are 
washed three times carefully. The 
washed cells are treated with 5 ml of 
water and a smear made on a slide, 
3-5 drops of the well-mixed suspen- 
sion being used. The smear is heat- 
fixed, held in | per cent. celloidin 
solution for a few seconds, then 
dried for 10 minutes, again dipped 
in the celloidin, then dried overnight 
at room temperature. The celloidin 
is made by diluting Tissue Imbedding 
Solution M4700 (from Randolph 
Products Co., 92, North 12th Street, 
Carlstadt, N.J., U.S.A.), 30-fold 
with a 1:1 mixture of ether and 
absolute alcohol. 

The dried smear is treated with 
one drop of egg albumen. In the 
dark room, and by the use of the 
safelight, emulsion Kodak NTB2 or 
NTB3 is prepared by melting in a 
small beaker in a waterbath at 45°C. 
for at least an hour. The moist slide 
is dipped for 1-2 seconds in the 
melted emulsion and hung up in a 
clamp to dry vertically for 90 
minutes. The partly-dry slide is now 
placed in a lightproof desiccator and 


Counts/minute 
Dried 
Colony 


the emulsion for 48 
The slide is developed in 
Dektol 50 for two minutes at 
30-32°C., fixed, and dried, then 
examined under low magnification. 
During centrifugation, an aliquot 
part of the cells may be placed in a 
planchette for the gross count-rate 
determination. An attempt is made 
to determine the effective activity in 
the exposure to the photographic 
emulsion, whether changes in expo- 
sure times result in better radio- 
autographs, how the microscopic 
examination of the radioautograph 
facilitates an understanding of P32 
uptake by an organism, and why it 
is important to ensure that the yeast 
cells are spread uniformly over the 
slide. 


exposed to 
hours. 
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No. 108 Nuclear Resonance 
Spectroscopy. 


Roy Frank, U.S.A. 


The application of a magnetic field 
to water results in alignment of the 
protons, or H+ ions, in the direction 
of the field, with a wobbling or 
** precession ” about an axis parallel 
to the field. Increased field strength 
merely increases the rate of precession. 
Application of a force tangential 
to the equator, forces the preces- 
sion into greater circles and this can 
be done by means of a magnetic 
field at right-angles to the first one. 
When the circles of precession become 
great enough, the spinning protons 
are “flipped over,” with an ab- 
sorption of energy from the field. 
Such absorption can be measured, 
and the point at which it occurs is a 
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measure of the precession frequency. 
Instability in the oscillator may 
prevent detection of the critical 
resonance frequency. | However, 
field modulation coils coaxial with 
the magnetic field and carrying a 
current at 60cycle/sec enable the 
frequency of precession to be con- 
trolled by the field strength so that the 
resonance point is more easily de- 
tected. The detector works on the 
grid dip meter principle. A test- 
tube of the water is inside the oscil- 
lator tank coil which is perpendicu- 
lar to the main magnetic field, and 
absorption of power from the coil 
lowers the grid voltage. As the 
resonance point passes the oscillator 
frequency, a dip in grid voltage 
occurs. This is taken from the plate, 
amplified, and fed into the vertical 
input of an oscilloscope. In the latter 


OSCILLATOR 
TANK COILS 





Details of field modu- 
lation and tank coils 


® At oscillation level 
wf{- microfarads 
uf -micromicrofarads 


> ; 
6-3y GND + 150 K - Kilo- ohms 
Q.c. d.c.reg. n-ohms 
(200-250v mh - millihonries 
better) 
The Circuit 


the horizontal sweep is set at 60 
cycle/sec, so that the dip is shown up. 


Two prominent peaks occur at 
resonance. 
The slow “flip-over” of the 


protons means that the energy ab- 
sorption is very small, but the dip is 
rendered more readily detectable by 
the addition of a little ferric nitrate 
to the water sample. 

The tank coil consists of 20-30 
turns of B and S 30 gauge wire on 
a 4in. diameter phenolic plastic 
former, tapped at various places. 
The test-tube is 7 mm in diameter. 
The field coils are two coils wound 
symmetrically on either side of the 
test-tube, and each having 20 turns 
on a lin. diameter former. The 
magnet is a surplus magnetron 
magnet of about 1,500 gauss, with 
faces | in. thick and 34 in. in diameter. 
The ‘ grid’’ marked on the circuit 
diagram is the point at which grid 
voltage is measured. The two tubes 
are miniature 7-pin types, both for 
use as high-gain, high-frequency 
amplifiers. Resistors of O-Sw are 
satisfactory. High gain in the os- 
cilloscope is important, and the one 
used has only a sensitivity of about 
0-lv/em. Further, it proved to be 
highly sensitive to vibration, and 
noise on the sensitivity control proved 
troublesome, masking the sought-for 
effects at maximum sensitivity. These 
effects might be overcome by suitable 
choice of components. 
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(It subsequently appeared that the 
magnet had only a strength of 
280-300 gauss, instead of the an- 
ticipated 1,500. Since the frequency 
required is about 5,800 times the 
strength in gauss, a frequency of 
1-6-1-8 mc/s would be required. It 
appeared furthermore that the re- 
sponses were probably harmonic in 
origin. With this new information 
available, the author intends to pro- 
ceed with the work, and will supply 
us with further comments upon his 
progress at a later date). 

The oscillator was made tunable 
from 2-5 to 9-4 mc/s by means of 
a variable capacitor and taps on the 
oscillator coil. The tuning control 
was set at lowest frequency and the 
oscillational level control, which 
controls the amount of feedback in 
the oscillator, was set so that it was 
just oscillating, since that was the 
most sensitive condition. The 
frequency was raised slowly and 
oscillations kept just on the border- 
line of extinction. If a dip should 
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appear, the solution was pulled out 
to see if the response vanished again. 
If this was so, then the frequency, 
which would be the rate of precession 
of the protons, would be found by 
reference to the calibrated receiver. 
In the first response, the frequency 
proved to be 6-7 mc/s, lasting about 
30 sec and with a 3-fold increase of 
the concentration of the solution 
there was no change in either the 
frequency or the shape of the re- 
sponse. When the much weaker 
second response was obtained, with- 
drawal of the test solution caused 
the response to vanish, and it did 
not reappear when the sample was 
again inserted. It was felt that the 
proximity of the magnet metal to the 
tank coil might cause power leakage, 
with consequent temperamental be- 
haviour of the apparatus. Replace- 
ment of the magnet poles was an 
obvious step to securing improve- 
ment. 


No. 109 Separation of I-1 32 
and Tel 32. 


R. A. Faires, U.K. 


For some purposes, the short half. 
life (2:26 hr) of 1132 makes it more 
suitable than I131 and detection is 
easier because of the high energy. 
Uranium fission yields Tel32, which 
with a half-life of 77 hr yields 1132 by 
beta decay. The [132 is itself a beta 
emitter, giving Xe132 as the product. 
1131 continues to be in secular 
equilibrium all the time there is any 
Tel32 left, and may be separated 
from the Tel32 by distillation in the 
elementary condition, then trapped 
in bisulphite. A further crop may 
be separated after a suitable equilib- 
ration time. 
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TI.PLATE QUADRANTS 


The solution used consists of 
Tel32 in 10 per cent. H,SO, and 
10 per cent. H,;PO,, oxidized with 
permanganate until slightly pink. 
The iodine is now present as iodate, 
but reduction with hydroxylamine 
converts it back to iodine, from 
which iodine is readily liberated by 
gentle oxidation. One ml of the 
active solution is placed into a 
250 ml distillation flask and diluted 
to about 50ml with the H,PO,- 
H,SO, mixture. To the flask is 
fitted a single surface condenser lead- 
ing to a receiver containing | ml of 
1 per cent. NaHSO,, and 4 ml of 
1 per cent. NaOH. Lead shielding 
is arranged in front of the apparatus, 
a lead screen being placed between 
distillation flask and receiver so that 
distillation progress may be observed. 
The solution in the distillation flask 
is just decolorized by addition of 
N/10 hydroxylaine sulphate, then 
0-5 ml of 10 volume H,O, is added. 
The distillation is carried out at 1 
drop/sec, the iodine coming over in 
the first 5 ml. Distillation and re- 
ceiving flasks are monitored, so that 
the progress of the distillation may be 
observed. The volume of the dis- 
tillate is measured (V ml). Now 
0-1 mlis diluted to 10 ml, and counted 
in a liquid counter. If N is the count 
rate in cycle/min, and the efficiency of 
the counter for 1132 is E per cent. 
then activity will be (Nx 10x 100) 
(2:2 x 10® x E)=N/(2-2 x 10°E) micro- 
curies/ml. Multiplied by V this gives 
the yield. After distillation is com- 
plete, the liquid in the flask is 
rendered just pink with KMnQ,, and 
after about 12 hr another distillation 
may be made using the same method. 
Naturally, the yield will fall with the 
half-life of the Tel32. The con- 
tamination hazard is slight from 
1132, because of the short half-life, 
but gloves should be used for the 
original solution handling. Below 
100 microcuries, lead shielding is 
unnecessary except to make it easier 
to follow the course of the distilla- 
tion. Even this may be achieved by 
shielding the GM counter used for 
monitoring. /\ /\ / 











Dr. Kenneth Rush 


meets 


the Council 


On the eve of the annual dinner, the President, Sir 
John Duncanson, held an informal cocktail party at the 
Caledonian Club, London, to give Dr. Kenneth Rush an 
opportunity of meeting members of the Council. In the 
top photograph, Dr. Rush chats with the President. The 
lower picture shows the Vice-President, Mr. D. S. Watt 
(right) with Mr. C. Boltz, one of the press represent- 


atives at the party. 
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Trade Literature 


The manufacture, types and applications 
of Permbrite welded stainless steel tubes 
form the subject of a 12-page illustrated 
booklet published by Rollo-Hardy & Co., 
Ltd., a member of the Compoflex group of 
companies. Stress is laid on the strength 
of the tube and a description is given of the 
methods used to test the welded tube. As 
well as lists of applications, ranging from 
heat exchanger tubes to bus seat frames, 
the booklet gives details of the four types 
of stainless steel used in the manufacture 
of Permbrite tube. Tables of the alloy 
composition, together with maximum pres- 
sures and weights per foot for a range of 
outside diameters and wall thicknesses are 
also given. 


William Rose, Ltd. have issued a range of 
leaflets describing the range of PTFE 
products, namely the Hilflon PTFE hose 
and thread-sealing tape. The self-sealing 
swivel joint, manufactured by Hilyn 
Industrial Equipment, Ltd., is also the 
subject of a small brochure by Wm. Rose, 
Ltd. 


Nuclear Chicago Corporation’s new 
general catalogue includes more that 250 
nuclear instruments, counting systems and 
accessories. Among these are the auto- 
matic sample changers for beta and gamma 
samples on large diameter planchets or in 
test tubes; manual and automatic liquid 
scintillation detectors; laboratory monitors; 
neutron generators; radioactivity training 
systems for students; and radionuclides for 
training purposes. A handy export price 
list accompanies the catalogue. 


Bruce Peebles of Edinburgh have sent us a 
leaflet on their resistivity meter for detecting 
impurities in reactor liquid-metal coolants. 
The equipment is designed for the accurate 
and continuous monitoring of impurities in 
sodium (Na) and sodium-potassium (NaK) 
liquid-metal coolant circuits on the DFR 
fast reactor at Dounreay; it can detect 
an impurity concentration in a coolant to 
a few p.p.m. The changes in resistance 
resulting from fluctuations in the working 
temperature of the coolant are also taken 
into account. The complete equipment 
comprises a control unit, a compensator 
unit and a meter head for the measurement 
of the resistivity of liquid metals to an 
accuracy of at least one per cent. Small 
changes in resistivity of a coolant can be 
consistently detected. 


We have received two publications from 
EMI concerning oscilloscope type WMI16 
and Emicon B100 position control system. 
Type WM 16is a wide-band oscilloscope with 
a range of plug-in pre-amplifiers providing 
differential, high gain and dual trace input 
facilities as well as the normal 40 mc/s 
wide-band input. The B100 control system 
is capable of controlling machine move- 
ments driven by electric or hydraulic servo 
systems or a.c. motors with clutches. 
Position feed-back may be from Emicon 
inductors, lead-screws or racks and pinions. 
Facilities for 5 or 8 channel tape, tape 
spooling, line milling control and/or turret 
store are available. The leaflet also gives 
details of the types of tapes and tele- 
printers used with the B100 and outlines 
programming facilities. 


James Gordon & Co., Ltd. have published 
a leaflet dealing with their new electrical 
automatic control system for shell and small 
water tube type boilers. The basic system 
is built up of a series of control loops each 
of which consists of a transmitter, a drive 
unit and a control relay. 


Cambridge Instrument Co. have recently 
published a series of leaflets detailing ranges 
of instruments made at the mechanical 
thermometer division. Included in these are 
dial type thermometers, with vapour- 
pressure and  mercury-in-steel systems, 
temperature regulators, draught and pres- 
sure indicators and recorders and humidity 
instruments. 


A comprehensive brochure on gear 
pumps has been published by the manu- 
facturers, The Brooke Tool Manufacturing 
Co., Ltd. The range of pumps shown here 
is suitable for general duty in handling 
liquids which do not attack the materials of 
construction and which do not contain 
abrasives. Each pump is displayed and 
illustrated with diagrams and is shown in 
relation to its own output chart. 


A series of transistorized and printed 
circuit nucleonic instruments, developed by 
Nuclear Enterprises (G.B.), Ltd. in con- 
junction with the UKAEA, is featured in the 
new 56 page catalogue issued by the former. 
The series is composed of a number of 
functional units built in standard blocks of 
uniform dimensions and the individual 
units may be combined in a variety of ways 
for different experimental investigations. 
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Uranium and Thorium— 
their production and use 


Development of nuclear energy as a major energy 
source must depend on adequate supplies of uranium 
and thorium. These two materials and their place 
in the development of nuclear energy are examined 
in this article. A useful account is given of various 
methods used throughout the world for refining 
uranium ore and producing uranium metal 


RANIUM and Thorium are the a neutron and becomes U239, an off another beta particle becoming 


two basic source materials of artificial short-lived uranium isotope. plutonium: 

atomic energy. Uranium, 92nd This reaction, accompanied by emis- 

element in the periodic table, has the sion of a gamma ray, is expressed as on 2395 | 05 

following isotopic composition as follows: 93 94 | 

found in nature: 238,, 1, 239, Thorium, 90th element in the 
Isotope Natural Abundance eo a7 periodic table, is found in nature 
a = oh wen The unstable U239 atom seeks !most entirely as one isotopic form, 
ret potty . stability by throwing off a beta namely, thorium-232, a fertile mat- 


particle, becoming neptunium, an ¢tial which can be converted to 


Uranium-235 is a fissionable mater- artificial chemical element, itself | Utanium-233, the third known fissile 


ial. Uranium-238 is a fertile material 


. short-lived: material. The conversion takes place 
which can be converted by neutron ; as follows: 
irradiation to  plutonium-239, a 239,, 239.1, 0 
~ . . 9 U 3NP T B 
second fissionable material. The 2 93 of 233... B. 23354 7 
conversion takes place in the follow- The unstable neptunium atom 90 0 90 ' 


ing way. An atom of U238 captures becomes relatively stable by throwing 333 0 
pas ty ‘petPvctcactitlan)- 18 


BALL —(j ~~ La 90 
” 233 23 


3 0 
ACID LEACH — CRUSHED 9 gg +1? 
ORE a0 : 
0.1 TO 108 The fissionable materials, the fer- 
tile materials and their source mat- 


erials in nature are shown below: 
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curring fissionable material. Hence, 








LOADING — eLUTING the uranium element is indispensable 
SH  Ficrer for atomic energy development. 
SLIME iain Atomic energy activities started with 
a TO RECYCLE —|I [ c i! I i! I c it] uranium and are based on uranium. 
PRODUCT 





However, several power reactor con- 


ies i. DRIER Se etl cepts now under development are 
i keyed to a thorium-232 to uranium- 

—_—_— (+) 233 cycle. If these developments 

turn out successfully, thorium may be 

Simplified diagram of uranium milling produced in quantity for reactors. 
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Certainly, thorium must ultimately 
play an important role in atomic 
energy if full use is to be made of 
the world’s nuclear resources. 

In 1948, approximately 70,000 tons 
of uranium ore were mined in the 
United States. Today the ore pro- 
duction in the United States is at 
a rate of 4m. ton/year and will soon 
reach 6m. tons annually. Upon com- 
pletion of projects now under way or 
definitely planned, annual produc- 
tion in the western hemisphere should 
be in excess of 30,000 tons of uranium 
oxide (U,O,), the concentrate pro- 
duced by refining the ore. A ton of 
ore generally contains less than 10 Ib 
of the oxide. It is conventional to 
express uranium ore and mill pro- 
duct assays in terms of uranium 
oxide (U,O,) content, even though 
the uranium may be present in 
different chemical form. One Ib of 
UO, contains 0-85 lb of uranium. 
The economic reserves of the pro- 
ducing areas of the western world 
are now estimated at approximately 
Im. tons of U,O, and there may be 
twice that quantity. Thus, when 
known economic reserves of the 
western world are considered, a 
high rate of production can be 
supported for a long time. With the 
anticipated discovery of more ore of 
high quality and with the use of low 
grade ores, we shall begin to draw 
upon a uranium reserve many times 
larger in heat units than known fossil 
fuel reserves. 


Uranium deposits 


Most uranium deposits that are 
economic today are found in flat- 
lying sedimentary rock. The uranium 
content of the deposits being mined 
generally ranges from 0-15 to 0-50 
per cent. uranium oxide (U,O,), that 
is, from 3 to 10 Ib of U,O,/ton of ore. 
In addition to the reserves referred to 
above, uranium also occurs in very 
large amounts, but in concentrations 
so low as to be uneconomic now, in 
phosphate rock and black marine 
shales. Some uranium is being re- 
covered from phosphate rock as a 
by-product of phosphoric acid manu- 
facture. 

Mining methods include open-pit 
as well as virtually all conventional 
underground techniques. Techniques 
for upgrading ores at the mine site 
have been developed and tried by 
various companies. However, no 
universal method for concentrating 
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Simplified diagram of the refining and conversion of uranium 


the variety of ores usually encounter- 
ed in western mining operations has 
yet been found. Progress has been 
made in this direction by Vanadium 
Corp. of America. Wet attrition 
equipment is used at their Monument 
No. 2 mill which brings off-specifica- 
tion ore up to an acceptable grade 
for milling. Other concentrators em- 
ploying a variation of this technique 
are under construction. Flotation is 
used successfully in South Africa 
when uranium sources are associated 
with sulphides. 


Leaching operation 

Milling of uranium ore is essentially 
a leaching precipitation operation. 
The most common uranium-bearing 
ores in the U.S.A. are of the carno- 
tite or roscoelite types, which also 
contain vanadium. Typically, these 
ores are crushed and roasted, then 
subjected to an alkaline or acid leach. 
This yields a solution containing 
the uranium and vanadium, which 
are selectively precipitated. After 
further treatment to remove im- 
purities, these precipitates yield high- 
grade concentrates of uranium oxide 
(U,0O,) and vanadium oxide. The 
feed in the leaching precipitation 
operation generally assays from 1-5 to 
101b of U,O,/ton in the United 
States and Canada. In South Africa 


the grade is as low as 4lb/ton. The 
product is an oxide or salt concentrate 
assaying 70 to 90 per cent. U,O, by 
weight. The basic steps are ore 
preparation, leaching and product 
recovery. 

Mill flowsheets follow no standard 
pattern, due to the wide variety of 
ores and to the fact that milling 
technology has undergone consider- 
able development over the past few 
years. 


Subsequent operations 


Milling of uranium is followed by a 
series of operations which remove 
impurities and convert the uranium 
to metal or intermediate chemical 
products of acceptable purity for 
reactor fuel preparation. These are 
known as feed materials operation. 
While the equipment employed is 
fairly conventional, the quality 
standards which must be met are 
more characteristic of the pharma- 
ceutical industry than of normal 
chemical and metallurgical manu- 
facture. The principal stages in the 
processing are: 

1. Refining of uranium and_ the 
preparation of orange oxide (UQs). 

2. Conversion of the orange oxide 
to green salt (UF,). 

3. Reduction of the green salt to 
massive uranium metal. 
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4. An auxiliary operation is the re- 
covery of uranium scrap from the 
several reprocessing stages for 
recycling to the refinery operation. 

The principal products are: 

1. Orange oxide (UO,), which serves 
as the starting material for pre- 
paring brown oxide (UO,) for 
use in non-metallic reactor fuel 
elements. It may also be used as 
the starting material in the pro- 
duction of enriched uranium. 

2. Green salt (UF,), uranium tetra- 
fluoride, which serves as the start- 
ing material for preparing fused- 
salt reactor fuels and may also be 
used as the starting material for 
enriched uranium production. 

3. Metal ingots, which serve as the 
starting point for fabricating met- 
allic fuel elements. 


Chain divides 

Following the preparation of green 
salt, the feed materials chain divides. 
Part of the material is converted to 
uranium hexafluoride (UF,), which 
is fed to the uranium-235 concentra- 
tion plants. The balance is reduced to 
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uranium metal for purposes of 
plutonium manufacture. 

As already pointed out, reactor 
designs call for uranium of varying 
degrees of isotopic enrichment, rang- 
ing from natural uranium, containing 
0-7 per cent. uranium-235; to en- 
riched uranium, containing in the 
neighbourhood of 90 per cent. 
uranium-235. The steps involved in 
the production of enriched uranium 
are: 

1. Feed preparation. 
. Isotope separation. 
. Conversion of the enriched and 
depleted material to metal or 
intermediate chemical products. 
The main isotope separation meth- 
od used is the gaseous diffusion pro- 
cess. Other methods which have been 
developed but found less efficient 
for large-scale uranium enrichment 
include electromagnetic separation, 
thermal diffusion and centrifugal 
separation. 


wn 


The gaseous diffusion process is 
based on the fact that molecules of 
gas mixture are constantly in motion 
and between collisions with each 


Table 1.—Principal Steps in Milling Uranium Ores 





other travel in random directions 
at velocities inversely proportional 
to their molecular weights. The 
process gas is uranium hexafluoride 
(UF,), the only compound of uranium 
which exists as a gas at suitable low 
temperatures. Thus, in this case the 
mixture is U235F, and U238F.. 
The separating medium is a thin 
porous material known as the barrier 
which contains hundreds of millions 
of sub-miscroscopis openings/sq.in. 


Efficient separation 


The process is carried out at below 
atmospheric pressure to lengthen the 
‘““mean free path”’ of the gas mole- 
cules, that is, the distance travelled 
between collisions. For efficient 
separation, the mean free path must 
be long enough relative to the size 
of the barrier openings for individual 
gas molecules, rather than mass gas 
streams, to pass through the barrier. 
In practice pure diffusive flow is not 
attained and some mass flow occurs. 

To visualize how the process works 
it is helpful to think in terms of a 
sheet of the barrier dividing a 


FEED: Uranium-bearing ores containing 1-5 to 10 lb of U;O,/ton of ore 
PRODUCT: Uranium oxide or salt concentrates assaying 70-90 per cent. U,O, by weight 


Processing step 


A ORE PREPARATION 
1. Size reduction 
2. Roasting 


B LEACHING 


Crushing and grinding 


Methods 


Notes 


Improves uranium solubility and ore handling. 


Used frequently. 


1. Digestion 


2. (a) Clarification 


(6) Sand-slime separation 


C PRODUCT RECOVERY 
1. Recovery 


2. Final Treatment 


(a) Acid leaching: generally with sulphuric acid. 
Oxidant required. Conventional equipment 
and techniques. 

(b) Alkaline leaching: generally with a mixture of 
sodium carbonate and sodium bicarbonate. 
Conventional equipment and techniques. 

Decantation and filtration, yielding a clear leach 

liquor. Flocculating agents sometimes required. 

Conventional equipment and techniques. 

Desanding: yielding sand and slime fractions. Con- 

ventional equipment and techniques. 


(a) Chemical precipitaticn: conventional process 
permitting use of standard solid-liquid separa- 
tion equipment. Reagents and conditions vary, 
depending primarily on whether an acid or 
alkaline leach has been used. 

(b) lon exchange: Gne methed, using anion resins 
in conventional columns, requires a clear leach 
liquor. A recently developed method known as 
the resin-in-pulp process, can be used on leach 
pulp. In this process, perforated baskets con- 
taining anion resin beads are moved up and 
down through the pulp. 

(c) Solvent extraction: organic solvents used in 
mixer-settler or column-type contacting equip- 
ment. Applicable to clear liquors. 


Filtration and drying of precipitate from recovery 
step. 


Normally favoured for low-lime ores (12 per cent. 
lime content). High extraction efficiency. 


Normally favoured for high-lime ores. 


Used when clear solution is required for subsequent 
recovery operations, as in the case of the pre- 
cipitation process. 

Used in connection with the resin-in-pulp recovery 
process. 


Limited to ores which yield a clear leach liquor. 
High reagent consumption when applied to acid- 
leach liquors. Product form is usually uranium 
oxide but may be sodium diuranate. 


lon exchange used in nearly all mills since 1950. 
lon exchange has so far been applied only to acid- 
leach liquors or pulps but application to alkaline 
solution is under development. Product form is 
ammonium diuranate or uranium oxide. 


The application of solvent extraction techniques to 
uranium milling is a recent development and has 
not as yet been carried beyond the pilot stage. 
Work to date has been on acid-leach solutions and 
pulps. 

Final product contains 70-90 per cent. by weight 
uranium (as U,O, or equivalent.) 
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Schematic diagram of the gaseous 
diffusion process 


chamber into two zones, one main- 
tained at a somewhat lower pressure 
than the other and both having out- 
let ports. If a gas mixture is pumped 
through the high-pressure zone, part 
of the mixture will diffuse through the 
barrier into the low-pressure zone. 
It will be found that this diffused 
stream is somewhat richer in the light 
component of the mixture and, con- 
versely, that the undiffused stream is 
somewhat poorer in that com- 
ponent. 


Molecule separation 


This separation of light and heavy 
molecules results from the fact that 
the light molecules tend to strike the 
barrier more often than the slower 
moving heavy molecules and thus 
have a better chance of finding an 
opening and entering the low pressure 
zone. The amount of enrichment ac- 
complished in a single operation, or 
stage, is a function of the difference in 
molecular weights. Since the weight 
difference between U235F, and U238- 
F, is very slight, a cascade consisting 
of a great number of stages is re- 
quired to achieve a_ substantial 
amount of enrichment. 

Uranium hexafluoride is prepared 
by reacting uranium tetrafluoride 
(green salt, UF,) with elemental 
fluorine. Where orange oxide (UO,) 
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is the starting material, it must first 
be converted to green salt. 

The hexafluoride is charged into 
the diffusion system at a point partly 
up the cascade. Enriched product is 
drawn off at various points above the 
feed point, depending upon the degree 
of enrichment desired. Depleted 
material is withdrawn from the base 
of the cascade. 


Conversion to metal 


The product materials can be 
converted to metal or intermediate 
chemical products. The major steps 
are: 

1. Reduction of uranium __hexa- 
fluoride (UF,) to green salt (UF,) 
by treatment with hydrogen. 

2. Reduction of the green salt (UF,) 
to massive uranium metal. 

The equipment used for the con- 
version of highly enriched material 
is specially designed to prevent the 
accumulation of dangerous amounts 
of uranium-235. This equipment is 
designated as “critically safe,” which 
means that a critical mass cannot 
accumulate in it under any circum- 
stances. For the same reason, modi- 
fied operating techniques are employ- 
ed. 

Although thorium is estimated to 
be three times more abundant in the 


Table I1l—Principal steps in the refining and 
conversion of uranium 


FEED 
Miscellaneous Uranium Concentrates 
(Approximately 75 per cent. by weight 
U,O,, or equivalent) 


PRODUCTION OF ORANGE OXIDE 
(UO) 

1. Digestion of the uranium concentrates in 
nitric acid. 

2. Solvent extraction to remove impurities 
and re-extraction into water. 

3. Boil-down of the uranyl nitrate solution 
from (2) toa molten uranyl nitrate hexa- 
hydrate. 

4. Denitration of the molten salt by calcina- 
tion to produce orange oxide powder. 


CONVERSION TO GREEN SALT (UF,) 

1. Reduction of the orange oxide to brown 
oxide (UO,) by contacting with hydrogen. 

2. Conversion of the brown oxide to green 
salt by contacting with anhydrous 
hydrofluoric acid. 


REDUCTION TO METAL 

1. Reduction of the green salt to massive 
uranium metal (derbies) by a thermite- 
type reaction using magnesium as the 
reducing agent. 

2. Vacuum casting of several uranium 
“derbies” from (1) to produce a uranium 
ingot. 


PRODUCT 
High purity uranium metal in ingot from. 


earth’s crust than uranium, it general- 
ly occurs in very low concentrations. 
The amounts considered economic- 
ally recoverable at the present time 
are less than in the case of uranium 
and in most cases are dependent upon 
a market for associated materials 
such as the rare earths. The term, 
rare earths, is applied to elements 57 
(lanthanum) to 70 (ytterbium) 
in the periodic table. The most 
common is cerium (element 58). 

The principal thorium-bearing min- 
erals are: 
Monazite, a phosphate of the rare 
earths containing 1 to 15 per cent. 
thorium oxide (ThO,). These per- 
centages refer to the thorium oxide 


Table I1I—Steps in the Production of Thorium 


FEED 
Thorium Nitrate Tetrahydrate 


PRODUCTION OF THORIUM 

OXALATE 

1. Dissolution of the 
tetrahydrate in water. 


thorium _ nitrate 


CONVERSION TO THORIUM 

TETRAFLUORIDE 

1. Pre-drying and calcinating of the thorium 
oxalate to thorium dioxide. 

. Precipitation of the thorium oxalate by 
oxalic acid. 

3. Hydrofluorination of the thorium di- 

oxide to form thorium tetrafluoride. 


Ne 


REDUCTION TO METAL 

1. Thermite reduction of the thorium 
tetrafluoride to a low-melting (eutectic) 
thorium-zinc alloy with calcium in the 
presence of zinc chloride. 

2. Vacuum distillation of the thorium-zinc 
alloy to thorium metal sponge. 

3. Arc melting of the metal from (2) to 
produce thorium ingots. 


PRODUCT 
Thorium Ingot 


content of the pure mineral, not of 
the ore body in which the mineral 
is found. Thorianite, richest of the 
thorium minerals, which sometimes 
runs as high as 90 per cent. ThO,. 
Thorite, second richest thorium min- 
eral, which sometimes runs as high 
as 90 per cent. ThO,. 

The most important known oc- 
currences of thorium minerals are 
in placer deposits in Brazil and India. 
Important production also comes 
from a vein deposit in South Africa. 
Low-grade placer deposits and a 
variety of non-productive vein de- 
posits occur in various parts of the 
US.A.AA/ 
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Siemens training 


HILST most of the first re- 

search reactors were built as 
purely experimental projects, the 
present-day design of a_ research 
reactor is mainly governed by the 
purpose for which the reactor is 
intended. Although the fields of 
application of the research reactors 
are manifold, a reasonable survey 
can be obtained if they are classified 
in order of increasing output, start- 
ing with subcritical arrangements and 
small reactors for training purposes 
and larger reactors for research 
purposes to the large high-flux re- 
actors for materials testing. 


Extended programme 


In the development of nuclear 
reactor engineering, each type of 
research reactor has a specific con- 
tribution to make, whether it be for 
training or experimental purposes. 
Siemens-Schuckert have taken this 
condition into account with a manu- 
facturing programme for research 
reactors suitable for a wide variety of 
applications. This programme was 
extended recently by a training re- 
actor of type series SUR (Fig. 1). 

Special problems with regard to 
teaching and training in the field 
of applied natural science are pre- 
sented by the enormous increase in 
the subject matter to be covered and 
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Fig. 1.—SUR training reactor 


by the distinct trend towards special- 
ization. A further problem is intro- 
duced by the more recent require- 
ment that the general fundamental 
principles underlying a field be taught 
instead of a limited specialized sub- 
ject. In this connection there are a 
number of arguments in favour of the 
use of small nuclear fission arrange- 
ments of subcritical or critical types 
in training or education centres for 
natural science and engineering. In 
brief, some of these are: The theor- 
etical training will be incomplete 
unless it is substantiated by experi- 
mental demonstrations. The ever 
growing integration of science and 
engineering with the resultant in- 
tensification of team work makes 
necessary the adoption of a common 
language, as is illustrated admirably 
by the field of nuclear engineering. 
The special training in large reactors 
institutes will be the more fruitful 
the more the trainees are acquainted 
with the fundamental principles. 


Compromise 

However, large reactors are too ex- 
pensive for basic training; they are 
not versatile enough and it is difficult 
to obtain an overall picture. In 
the Siemens-Schuckert training re- 
actor SUR which has been developed 
on the basis of the experience gained 
in the U.S.A. full account has been 


The construction and experimental and training 
applications of the Siemens training reactor 
are comprehensively examined in this article 
by Gunter Hildenbrand. The article first appeared 
in Siemens Review, No. 9, 1961. Several 
different versions of this reactor are available, 
each including two independent safety systems. 
In addition to this, so-called inherent safety is 
provided by the arrangement and composition 
Various special devices extend the 
field of application of the reactor. 
sible to install the reactor in a normal laboratory 
without structural changes as there are no 
cooling water circuits or exhaust air problems. 


of the core. 


It is pos- 


reactor SUR 


By Gunter Hildenbrand 


taken of these factors. It is a necess- 
ary compromise between a minimum 
expenditure on the one hand and a 
maximum of versatility on the other. 
A high neutron density has been 
dispensed with and the reactor has 
been so designed that it can be in- 
stalled in normal laboratory build- 
ings without special _ structural 
safety precautions and without cre- 
ating a hazard to the immediate and 
remote surroundings of the reactor. 


Construction 


The construction of the reactor 
is shown in Fig. 2. The reactor core 
(1) consists of 24 cm diameter plates 
stacked to a height of about 26 cm. 
These plates are composed of a com- 
pressed homogeneous mixture of 
U,O, in powdered form as fuel and 
polyethylene as the moderator, 
whereby the uranium oxide is en- 
riched to 20 per cent. with the 
fissionable isotope U235. The critical 
mass is about 700g of U235. The 
reactor core is surrounded on all sides 
by a 20cm thick graphite reflector 
(2). A 10cm thick layer of lead (3) 
and a 60cm thick water jacket (4), 
which contains boric acid as an 
additive, serve as shielding for the 
neutrons and gamma rays. The 
dose rate at a reactor power of 0-lw 
is below the permissible limit of 















2:5 mrem/hr directly at the wall of 
the outer reactor tank (5). 

The whole internal part of the 
reactor, including graphite and lead, 
is built up on a steel baseplate (6) 
which, in turn, is supported by a 
sectional ring welded to the inside of 
the outer reactor tank. The as- 
sembling space below the baseplate 
is accessible through a hinged door 
filled with water and an admixture of 
boric acid, which is recessed in the 
lower part of the outer reactor tank 
(see Fig. 1). In order to prevent 
gaseous fission products from leaking 
out, by reason of the low reactor 
power these are produced only on an 
extremely small scale, the reactor 
core together with a portion of the 
graphite reflector is housed inside 
a tight cylindrical aluminium vessel 
(7), the inner reactor tank. At the 
end of the critical experiment, during 
which the reactor core is made 
critical by the successive stacking of 
fuel/moderator plates of decreasing 
thickness, the inner reactor tank is 
sealed off with an aluminium cover 


(8). 


Safety systems 

In accordance with the special 
requirements for a training reactor, 
the SUR has two independent safety 
systems. The two control plates (9) 
which are built up of cadmium 
sheets as neutron absorbers and are 
located inside the graphite reflector 
but outside the inner reactor tank, 
can be moved rapidly by spring force 
from the bottom up to a point ap- 
proximately in the centre plane of the 
reactor core to shut down the reactor. 
The lower part of the reactor core 
together with the lower part of the 
graphite reflector, is then at the same 
time caused to drop by approximately 
5cm. In the critical experiment, the 
excess reactivity of the reactor, 
which depends on the fuel quantity 
and hence on the height of the reactor 
core, is fixed at 0-3 per cent. The 
insertion of the smaller one of the 
two control plates, the fine-control 
plate, reduces the reactivity by 
approximately 0-5 per cent., while 
the insertion of the other, the coarse- 
control plate, reduces it by approxi- 
mately 1:5 per cent. The dropping 
of the lower reactor core half pro- 
duces a decrease of approximately 
5 per cent. Each of these facilities 
alone therefore suffices to safely 
shut down the reactor. The drives 


NUCLEAR ENERGY—DECEMBER, 1961 


(10) of the two control plates con- 
sist of a winch mechanism which 
is operated from a geared motor via 
an electromagnetic clutch. On this 
drum is wound a leaf spring which, 
when stretched, is relaxed. The core 
winch mechanism (11) consists of a 
rack and pinion drive with geared 
motor and electromagnetic clutch. 
The moving ram is sealed against the 
inside of the inner reactor tank by 
means of a diaphragm. Arranged 
inside the moving ram is the neutron 
source required for starting up the 
reactor. This is an Ra/Be source with 
an activity of 1l0mc, which, on 
starting up the reactor, is moved up- 
wards to below the lower reactor 
core half by means of a flexible cable 
winch and a drive motor (12). 

In addition to the safety systems 
described above, the reactor has a 
so-called inherent safety which is 
based solely on the arrangement and 
composition of the core. This util- 
izes the negative temperature co- 
efficient of the reactivity which is 
approximately —3 10*/degree tem- 
perature rise. This means that, as a re- 
sult of the limitation of the excess 
reactivity to 0-3 per cent., the reactor 
automatically becomes subcritical 
when the reactor core temperature 
increases by more than 10 degrees 
Celsius. As a safeguard against too 
low an operating temperature an 
interlock is provided for the reactor 
when the ambient temperature drops 
below 15°C. A resistance thermo- 


Fig. 2.—Section through 
the Siemens training 
reactor SUR 100. Key: 
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meter is built into the reactor core 
and serves as a temperature detector. 

The following experimental de- 
vices are provided in the SUR: three 
horizontal test holes (13, 14, 15) and 
a thermal column of graphite (16). 
Embodied in the latter are seven 
vertical test holes (17, 18, 19) of 
which one (17) is arranged in the 
centre line of the reactor, whereas 
the remaining six holes (18, 19) are 
arranged on acircle. The holes (17) 
and (18) extend down to the level of 
the upper and lower end of the 
reactor core, respectively, while the 
remaining five holes (19) run only 
within the thermal column. The 
horizontal test holes are closed from 
both ends with plugs of graphite, lead 
and polypropylene, the _ vertical 
holes being filled with graphite plugs. 
All plugs can be provided with re- 
cesses for accommodating the samples 
to be irradiated. The graphite of the 
thermal column is inserted in an 
aluminium vessel (20) in such a way 
that it can be easily removed and re- 
placed by another moderator such 
as H,O or D,O. 


Start-up stage 

The nuclear instrumentation (Fig. 
3) indicates and supervises the operat- 
ing condition of the reactor. It 
allows the neutron density to be 
measured at different points and 


signals to be transmitted by electronic 
trips to the switching devices of the 
electrical interlock system. 


In the 








LEAD 


ESJGraPHITE L_]WATER 


Sil 











Puise logarithmic 


Bf, counter Pre-ampliher  ampiher Discrumnator — rate meter 
= 









iz 
| 














NUCLEAR ENERGY—DECEMBER, 1961 


Perioc 


ampiiher 
~, = rd 


LJ Min source sirengin 
| ee Mulplication 


aa ee 
4 : 5 j | reoalance HL) Acoust signal 
Bf, counter Pre-amplifier —_H.V. suppl Counter — Elecironc 9 
, : a fimer \\_— CCT Seram 
, i 
lest ampltter [_] \[— = Min neutrn tx ' , 
Compensated ionizahion chamber ac | HDF counter cut-of Fig. 3.—Nuclear instru- 
| UT) scram mentation of the SUR 
1 —{D AW failure inp 100 
H.V. Supply | {2 Amplitier failure tip 
Compensated ionization chamber linear d.c.ampliter LT arouct ci 
“CET | Acoust. signal 
4D) Scram 
———_ = rr 


a ene - 
6.M. counter HY supply 


with pulse amplifier 


Linear rate meter 


start-up stage of the reactor the 
density is measured by a_ pulse 
chamber which can be connected to 
one of the two BF, neutron counters. 
The d.c. channels, which are each 
equipped with a compensated neutron 
ionization chamber, then come into 
action at a slightly increased reactor 
power. In addition to the neutron 
density which is measured either 
logarithmically, or linearly, the re- 
actor period is determined via a 
differential amplifier. This provides 
a direct criterion for the rate of 
change of the neutron density, thus 
providing an important indication of 
the reactor behaviour. Finally, a 
test hole fitted with a gamma counter 
measures and supervises the gamma 
dose rate in the immediate proximity 
of the reactor. 


Easy working 


Through the medium of an inter- 
lock system the general electrical 
instrumentation of the reactor en- 
sures that any erroneous operations 
have no effect and that the reactor 
is automatically shut down if certain 
anti-radiation measures are not taken 
or if technical faults such as the 
failure of essential auxiliaries of the 
nuclear instrumentation occur. In- 
admissible operating conditions 
likewise cause a shutdown. The 
entire electrical instrumentation is 
accommodated in a separate control 
desk. All operating buttons are 
within easy reach of the operator and 
all indicating instruments are easy 
to read without impairing the view 
of the reactor (see Fig. 1). 

The SUR is available in three 
designs which are generally distin- 
guished only by the thickness of the 
shielding. With a continuous power 
of 0-lw the SUR 100 has a maximum 
thermal neutron density of 5 10° 
n/sq.cm. In the case of types 
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SUR 1000 and SUR _ 10000, the 
reinforcement of the shielding by 
concrete blocks (stacked around the 
outer reactor tank) permits continu- 
ous operation at a thermal power of 
1 and 10w and a maximum thermal 
neutron density of 5 « 107 and 5 = 108 
n/sq.cm respectively. 

In accordance with the type of 
construction, the reactor is applied 
for training and education, the 
reactor being used on the one hand 
as a visual instruction and training 
object and on the other hand as a 
measuring device and_ radiation 
source. By handling the reactor and 
starting it, the student is in the first 
case made familiar with the funda- 
mental construction and the opera- 
tional behaviour of reactors. By 
performing simple experiments such 
as the calibration of the control 
plates, the determination of the ex- 
cess reactivity, the measurement of 
the last group of delayed neutrons, 
the neutron density and its distribu- 
tion, etc., he learns how to determine 
the principal characteristic data of 
the reactor. By comparison of the 





results of measurements with the 
theoretical values, understanding of 
the general relationships is furthered, 
especially as the simple construction 
of this reactor permits experimental 
comparison with the theory under- 
lying it, without involving compli- 
cated mathematics. In the second 
case it is possible to determine the 
cross-sections of various materials 
for neutron absorption and dis- 
persion, the moderator character- 
istics and other quantities of neutron 
physics, as well as the activation of 
isotopes. It also allows the student 
to familiarize himself with the basic 
measurements of and precautions 
against, ionizing radiation. 


Advantage 

As experience has shown, a small 
reactor is a valuable auxiliary, par- 
ticularly for a practical course on 
radiation measuring techniques. The 
short-lived isotopes which can be 
sufficiently activated in this reactor 
offer the advantage that their activity 
decays after a short time so that the 
danger of the laboratory becoming 
contaminated due to careless handling 
of the samples is practically elimin- 
ated. Table | contains figures from an 
activation table of the elements which 
can be activated with the SUR 100. 
The specific activities apply for one 
hour of irradiation in the horizontal 
central test hole of the reactor. The 
maximum masses indicate the maxi- 
mum mass of the substance which 
can be inserted in this test hole. These 
are determined by the condition that 
upon the insertion of the substances 
the reactor must not go subcritical. 
In view of the fact that activities as 














Fig. 4.—SUR 100 with 
exponential arrangement 
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low as 0-01 uC can still be detected, Table 1—Examples for activating isotopes in the SUR 100 


approximately 60 elements can be — a 
Atomic Atomic 


sufficiently activated in the central : , Specific Max. 
test hole of the SUR 100 number Element weight Half-life activity (1 hr) mass 
é : ‘ Z M tH C/ 

An extensive instruction manual _— smieatiaela ae . 
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hole and is used for measuring 
capture cross-sections. 


Experiments 


In this connection attention is 
drawn to the use of the SUR as a 
plane thermal neutron source for 
carrying out instructional exponen- 
tial experiments. In this case a 
tank filled with water, in which rods 
of natural uranium in a regular 
lattice arrangement are immersed, 
is placed on the thermal column 
of the SUR (Fig. 4). It is then 
possible to measure important 
characteristic data of the lattice 
arrangement provided by the pos- 
sibility of varying the distances 
between the rods and by their 


symmetrical arrangement makes for 
a much desired improvement in 
training. 

As already mentioned, a reactor 
such as the SUR can be installed in 
any normal laboratory without the 
need for structural alterations; this 
is made possible by the absence of 
cooling-water circuits and exhaust 
air problems. The fixed running 
costs are low. Since the annual 
lease charge for fuel amounts only 
to about DM 2,000—and since the 
annual fuel consumption of ap- 
proximately 30 micrograms of U235 
(in continuous operation) is neg- 
ligible the running costs are mainly 
determined by the outlay for wages 


and salaries. Generally, no special 
allowance need be made for this 
since staff capable of accepting 
responsibility of the reactor will in 
any case most likely be available in 
all education centres such as _ uni- 
versities, technological institutes and 
technical colleges. 

The first Siemens SUR training 
reactor with which the prospective 
buyers can familiarize themselves 
before their own is delivered will be 
put into operation in a few weeks in 
the Siemens-Schuckertwerke reactor 
station at Garching near Miinchen, 
where the Siemens Argonaut reactor 
SAR has been operating since June, 
1959. A / 


UKAEA Monographs received 


Analytical Method for the Absorptiometric 
Determination of Boron in Uranium Dioxide 
Powder and Sintered Uranium Dioxide 
Pellets, presented by the Chemical and 
Metallurgical Services, Springfields. Pub- 
lished by Production and Engineering 
Groups, Risley. Reference PG Report 
229(S). Price Is. 9d. 

Analytical Method for the Determination 
of Lanthanide and Yttrium Fission Product 
Activities in Vegetation, Sea-weed, Fish 
Flesh and Natural Waters, presented by 
Technical Manager (Chemistry), Windscale. 
Published by the Production and Engineer- 
ing Groups, Risley. Reference PG Report 
234(W). Price Ils. 9d. 


Automatic Scanning of Nuclear Emulsions 
(an annotated bibliography), compiled by 
B. J. Wilson. Published by Research 
Group, Harwell. Reference AERE-Bib137. 
Available from HM _ Stationery Office. 
Price Is. 9d. 

The Determination of Thorium in Urine, 
presented by A. H. Helman. Published by 
Production and _ Engineering Groups, 
Risley. Reference PG Report 178(S). Price 
Is. 9d. 

Radiostrontium and Radiocaesium in 
Drinking Water in the United Kingdom: 
Results to December, 1960, by R. N. 


Crooks, R. G. D. Osmond and T. J. 
Webber. Published by Health Physics and 
Chemistry Divisions, Harwell. Available 
from HM Stationery Office. Price 3s. 


The Fate of Radioactive Effluent Discharg- 
ed from AERE, Harwell into the River 
Thames, by A. Morgan and Mrs. G. M. 
Arkell. Published by Health Physics 
Division, Harwell. Reference AERE-R 
3555. Available from HM _ Stationery 
Office. Price 4s. 

The Stability of a Plasma Supported by a 
Magnetic Field against Gravitational Poten- 
tial, by R. A. Cowley. Published by Culham 
Laboratory. Reference CLM-R4. Avail- 
able from HM Stationery Office. Price 
5s. 6d. 

A Catalogue of Available Whole Body 
Protective Clothing, by R. P. Rowlands. 
Published by Authority Health and Safety 
Branch, Harwell. Reference AHSB(RP)R9. 
Available from HM _ Stationery Office. 
Price 22s. 

Analytical Method for the Determination 
of Niobium-95 in Vegetation, Seaweed, 
Fish-flesh and Natural Waters, presented 
by Technical Manager, Technical Depart- 
ment, Windscale. Published by Production 
and Engineering Groups, Risley. Reference 
PG Report 244(W). Price Is. 9d. 


Analytical Method for the Determination 
of Uranium in pure Uranium Nitrate Solu- 
tions, presented by Chemical and Metal- 
lurgical Services, Springfields. Published by 
Production and _ Engineering Groups, 
Risley, Reference PG Report 213(S). 
Price Is. 2d. 

FTD2 A 2-dimensional Flux and Tem- 
perature Distribution Programme for Therm- 
al Reactors, by J. A. Enderby. Published 
by Reactor Group, Risley. Reference 
TRG Report 46(R). Available from HM 
Stationery Office. Price 3s. 

A High-Temperature Linear Rise Caiori- 
meter for Measuring Stored Energy in 
Irradiated Graphite, by D. F. Davidson, 
E. Harrison, W. Jaques and J. A. Mounsey. 
Published by Reactor Group, Risley. 
Available from HM _ Stationery Office. 
Price 3s. 6d. 

Polarization in Muon Scattering, by 
R. J. N. Phillips. Published by Theoretical 
Physics Division, Harwell. Reference 
AERE-R3782. Available from HM 
Stationery Office. Price 2s. 6d. 

A Critical Study of Effective Fission Cross- 
sections for Pu239, U235 and U233, by 
J. E.C. Mills and D. L. Reed. Published by 
Reactor Group, Winfrith. Reference 
AEEW-M132. Available from HM 
Stationery Office. Price 3s. 6d./ d 
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|.A.E.A. General Conference 


N his address at the opening of the 

IAEA General Conference, Mr. 
Sterling Cole, the outgoing Director- 
General, made five suggestions for 
strengthening the organization. He 
stressed in particular the need for a 
long-term programme which “ should 
reflect the changes in emphasis which 
have already taken place and should 
represent a proper balance between 
vision and reality.” 


Finance for such a programme was 
the subject of Mr. Cole’s second sug- 
gestion. To date financing of some 
Agency operations, such as technical 
assistance and training, depend on 
voluntary contributions from mem- 
bers. Dependence on such a system 
has made effective long-term plan- 
ning impossible in the past. 


Thirdly, Mr. Cole said he would 
like to see the structure of the Secre- 
tariat reorganized to increase its 
efficiency. The changes he had in 
mind would result in a saving of 
staff. He mentioned that this idea 
had been shelved for the time being 
because of political considerations 
but went on to urge action before 
too long. 


Relationships between the Board 
of Governors and the Director- 
General of the Agency were also 
criticized by Mr. Cole. He felt that 
“in the sphere of administration and 
of implementation of broad policy 
decisions, it would seem that the 
Statute intended the Director-General 
to play a leading role, subject to the 
general authority and the control of 
the Board of Governors.” The 
Director-General would in future, 
Mr. Cole said, play an increasingly 
important part. 


Finally, he urged the major nuclear 
powers to provide the Agency with 
fissionable materials, preferably at a 
discount, and scientifically-trained 
personnel for its staff as well as for 
its technical assistance programme. 


During his address, Mr. Cole gave 
some details of progress in the pro- 
vision of fellowships, experts and 
equipment. The programme for the 
promotion of research in the peaceful 
uses of atomic energy had also been 
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steadily extended over the past four 
years. Special attention had been 
given to the development of the 
practical applications of radioiso- 
topes, which had proved to be a 
source of immediate benefit, par- 
ticularly to the less developed 
countries. Mr. Cole noted that there 
were positive signs of a reawakening 
of interest in the nuclear power field 
and revealed that the Secretariat had 
been studying possible arrangements 
for the construction and operation 
of a small international demonstra- 
tion power reactor. 


Voluntary contributions made to 
the General Fund of the Agency for 
the coming year total U.S.$1,066,906. 
Many countries increased their 
pledges of last year. Among the 
contributions announced were 
$750,000 by the U.S.A., $500,000 of 
which was unconditional; the U.S.A. 
also promised to match dollar for 
dollar contributions to the General 


Fund in excess of $1,000,000 until a 
sum of $1,500,000 has been reached. 
The United Kingdom has agreed to 
contribute $144,000 and the Soviet 
Union is to provide 40,000 roubles 
to cover the cost of training Agency 
fellows in Soviet establishments. 


The Agency’s regular budget for 
1962 amounts to $6,261,000 and the 
operational budget to $2,055,000. 
Appropriation of this money has 
been approved. 


Five new members have been 
elected to the Board of Governors, 
Colombia, Greece, Hungary, Paki- 
stan and Viet-Nam are to replace 
Bulgaria, Ceylon, Mexico, — the 
Philippines and Spain on the two- 
year rotation system. The General 
Conference has also approved unani- 
mously an amendment to its Statute 
which increases the membership of 
the Board of Governors from 23 to 
25. The new seats will be given to 
Africa and the Middle East. 


Book Review 


Modern Atomic and Nuclear Physics, by 
C. Sharp Cook. University Physics 
Series. Published by Van Nostrand Co., 
Inc. 58s. 6d. 


The author has succeeded in collecting lec- 
tures given to college and university students 
to form a book for those studying advanced 
physics. He rightly assumes a basis of at 
least one year classical physics, mathematics 
and calculus. More dubious is the claim 
that this book will be suitable for those who 
just want to be more knowledgeable in this 
atomic age. I doubt if any but the specialists 
will read and master the contents. My 
first impression was one of casual jottings 
onisolated topics with a slender web connect- 
ing them. But closer examination reveals 
a purposeful plan, starting with eight 
topics headed “the Atomic Nature of 
Matter.”” Throughout, the author has not 
shunned the mathematical approach. In 
conclusion he uses integral and differential 
calculus, providing over 200 problems, 
spread uniformly over the sections. Un- 
fortunately, solutions to these are not given. 
This makes it irksome for students wishing 
to check their answers. The book’s mathe- 
matical bias reduces its value and many 
fundamental details are missing. If the 


book is revised, I hope attention will be 
given to grammatical errors and awkward 
phrases as “‘if a valence electron. . .escapes 
from the atom it leaves the atom with a 
positive charge.”’ Another: ** although the 
same number of nuclear particles exist in 
the constituent atoms of two different types 
of molecules, the masses of these two mo- 
lecular types are always found to differ when 
measured precisely using mass_ spectro- 
graphic means.”’ This is a useless and cryptic 
sentence. The author, like so many 
physicists uses space lattice diagrams 
freely, but nowhere does he explain that the 
lattice spheres only represent the positions of 
atoms or ions and not their sizes. Experience 
in teaching has shown me that students fail 
to get a correct picture of crystal lattices 
unless this warning is given. But this book 
is well worth reading and having as a 
valuable work of reference. I would not 
recommend it for any particular academic 
curriculum, but it would provide teacher or 
student with useful information with which 
to expand the more usual notes. It offers 
a stimulating challenge presenting many 
new and interesting facets of science and 
other aspects of modern physics. Finally, 
the book is well printed and adequately 
illustrated. 
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VACUUM PERMEABILITY RIG 


ACUUM permeability of graph- 

ite fuel cans is determined on a 
special rig developed recently by 
Spembly, Ltd. of Chatham. The 
apparatus can operate at various 
temperatures up to 2,300°C. and 
was developed in conjunction with 
the UKAEA. It is to be used on the 
DRAGON reactor project at Win- 
frith. 

The main vacuum shell of the rig 
consists of a water-cooled stainless 
steel cylindrical body mounted on an 
oil diffusion pump backed by a 
single rotary vacuum pump. The 
water jacket is pierced by three 
sight tubes spaced down the body and 
fitted with clear fused silica windows. 


Radiation Shields 


A flanged ring is fitted between the 
vacuum body and the diffusion pump 
to carry a flat spiral copper water- 
cooling coil. Three bottom radiation 
shields are fitted to this coil; they 
consist of copper, molybdenum and 
tantalum, in that order. 

Three tubular concentric radiation 
shields run the length of the vacuum 
shield; two are of molybdenum and 
one of tantalum. Ceramic sleeves 
over tantalum bolts maintain the 
spacing between the cylinders. The 
same material is used for three top 
radiation shields which fit into the 
staggered ends of the cylindrical 
shields. 


Good Electrical Contact 


Water-cooled stainless steel is used 
for the lid of the apparatus. Service 
tubes for gas or vacuum admittance 
and for mass spectrometer connec- 
tions pass through the water jacket. 
Two rotary vacuum seals are fitted, 
the shaft of the larger being hollow 
and equipped with thermocouples. 
Three spaced, stainless steel discs are 
fitted to the smaller shaft. On opera- 
tion of the shaft these discs move over 
the sight tubes to prevent vacuum 
deposits on the windows. 


To be used on the Dragon 
reactor project at Winfrith 


Graphite can specimens are held 
in position in the centre boss of the 
top lid by a screwed collar, this 
forces a split copper cone on to the 
specimen, thus providing good 
electrical contact. 


Power Supply 


A central temperature-profiled 
graphite rod runs through the speci- 
men on to a cone seating in its blind 
end. A _ thick-walled, water-cooled 
copper tube is screwed to the central 
rod and extends above the apparatus. 
Around the copper tube is a further 
tube of stainless steel which runs into 
an insulated “‘O” ring gland in the 
top lid; both tubes terminate in a 
brass block. Water inlets and outlets 
for the central rod extension, and 
also the helium or hydrogen, gas 
inlet to the stainless steel tube, pass 
through this block on which pro- 
vision is made for a busbar attach- 
ment. 


This vacuum permeability 

rig built by Spembly can 

operate at various temper- 
atures up to 2,300 C. 


Power supply is by a 240v single- 
phase transformer with an output of 
30v 1,200 amps and operated by a 
saturable reactor with d.c. control 
via a variable resistor. The supply 
is fed in through the brass block, 
down the thick-walled copper tube 
and the centre rod to the blind end 
of the specimen, up the specimen wall 
and out via the casing. 

Temperature control of the speci- 
men is either by thermocouples in 
the lower range or optical pyrometer 
in the higher ranges. 


Gas Detection 


Helium or hydrogen is forced into 
the hollow specimen via the stainless 
steel tube, when the required tem- 
perature is reached. Mass spectro- 
meter methods can then be used to 
detect the quantity of gas permeating 
through the graphite. 

Temperatures and tensile loadings 
can be varied through the power and 
force applied to the brass block. A\ A 
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Equipment 


Gamma monitor 


Plessey Nucleonics, Ltd., have introduced 
a compact selective gamma monitor, type 
PNI 1118, capable of detecting small 
quantities of radioactive materials emitting 
gamma rays in the 10 KeV-1-5 MeV range. 
These rays are detected by means of a 
scintillation counter followed by a single 
channel pulse amplitude analyser. Transis- 
tors are used throughout. The unit is 
readily transportable and can use mains or 
vehicle battery power. 

Detector probes are available for the 
ranges 10-60 KeV, 50-300 KeV and 250 
KeV-1-5 MeV, and consist of thalium 
activated sodium iodide scintillators moun- 
ted on the end of photomultiplier tubes. 
Adjustment of EHT is provided on the 
individual probes and the connection of 
any one probe automatically sets the 
required EHT. The supply is variable from 
500-1 ,500v. 

Threshold bias is preset for the single 
channel pulse amplitude analyser, and 
channel width is switched to give 50 per 
cent., 25 per cent. and 10 per cent. channels 
on the 10-60 KeV, 50-300 KeV and 0-25-1-5 
MeV ranges respectively. Channel widths 
are preset internally. (DEC 1) 


Clothing filters 


Spembly, Ltd., have announced the intro- 
duction of new filters for use with their 
range of pressure ventilated protective 
clothing where a clean oil-free air supply is 
essential. The filters consist of an alloy 
casting containing a cartridge of activated 
charcoal backed on each side with a resin 


Selective gamma monitor PNI 1118 
produced by Plessey Nucleonics Ltd. 
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wool particle filter. The charcoal absorbs 
oil from the air stream, so the cartridge 
must be changed at intervals dependent 
upon operating conditions. 

Cartridge life depends entirely on the 
density of the vapour and the flow rate, 
but they have an absorptive capacity of at 
least 35 per cent. by volume. 

At present the filters are only available in 
one size which can deal with air flows of 
up to 35 cu.ft/min. (DEC 2) 


Electrometer 


Outstanding feature of a new electro- 
meter introduced by Wayne Kerr Labora- 
tories, Ltd. is its ability to measure while 
drawing virtually no energy from the 
measurement source. When _ indicating 
IMV the order of current consumption is 
one electron/sec. The full-scale ranges are 
1 MV, 10 MV, 100 MV, Iv and 10v d.c. 


New Wayne Kerr electrometer 
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Spembly charcoal filter 


and, using three standard resistors, from 
10°“amp FSD to 10 *amp FSD. Input 
resistance is greater than 10'* ohms and the 
input capacitance is about IpF, with a 
maximum charge sensitivity of 3 10% 
coulomb. 

These high levels of sensitivity and 
stability are matched by the speed of read- 
ing. When measuring values as low as 
10-“amp through 10'%ohms, the time 
constant is determined only by the degree 
of integration required to remove the 
inherent fluctuations which are due to the 
statistical nature of electron flow. (DEC 3) 


Please send further details of the following items in the 


EQUIPMENT & MATERIALS feature for December, 1961 
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General Atomic Europe have announced 
the appointment of MR. HERMAN HOLM 
as assistant general manager. Mr. Holm 
has been engaged in the atomic field since 
1955 and has a broad background in the 
economic and banking fields. Previously 
atomic energy adviser to the president 
of the Stockholms Enskilda Bank, Mr. 
Holm was a member of the World Bank 
Panel which evaluated the plans for the 
Senn nuclear power station in Italy in 
1958. 


Under a Nuffield grant, PROF. B. 
WALKER of Victoria University, New 
Zealand, will make a study of experimental 
research work with low-energy Van de 
Graaf accelerators or similar machines and 
study the working of the National Institute 
for Nuclear Science in Britain. 


SIR WILLIAM COOK led a party of 
UKAEA scientists who visited the Soviet 
Union recently. The visit took place under 
the recently concluded agreement between 
the United Kingdom and the Soviet Union. 
In July of this year a group of Soviet 
scientists visited the U.K. under the agree- 
ment. The party which visited the Soviet 
Union consisted of Sir William Cook 
(Member for Reactors), MR. P. BROCK 
(Reactor Group, Dounreay), DR. C. G. 
CAMPBELL (Reactor Group, Winfrith), 
MR. A. G. FRAME (Reactor Group, 
Risley), MR. P. W. MUMMERY (Reactor 
Group, Winfrith, DR. P. MURRAY 
(Research Group, Harwell), MR. D. C. G. 
SMITH (Reactor Group, Dounreay), and 
DR. R. D. SMITH (Reactor Group, Win- 
frith). 


In an effort to step up the development 
of atomic fuels for their SNAP generators, 
the Martin Company have created three 
new posts in their Nuclear Chemistry 
Department. DR. ALFRED SCHNEIDER 
has been appointed manager of fuel develop- 
ment, MEYER POBERESKIN is to be 
manager of isotope production and JUS- 
TIN L. BLOOM, who was previously in 
charge of the advanced SNAP programmes, 
will direct the scaling up of laboratory 
processes for “hot cell” operations as 
manager of process development. So far 
two isotope generators have been put into 
use, One in an earth satellite and the other 
in an automatic unmanned weather station 
in the Canadian Arctic. It is planned to 
use others in navigation buoys and barges. 


It has been announced by Richardsons, 
Westgarth & Co., Ltd., that MR. J. D. 
GLANVILLE, formerly with the UKAEA 
at Risley, has been appointed a director of 
the company with the responsibilities of 
group production director. 
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MR. W. R. JONES, at present managing 
director of George Clark (Sunderland), 
Ltd., becomes group personnel director, 
and MR. H. WATSON-JONES, at present 
managing director of Richardsons, West- 
garth (Hartlepool), Ltd., becomes group 
commercial director. Both remain directors 
of the parent company. REAR-ADMIRAL 
J. G. C. GIVEN resigned from the board 
on September Sth and ceased to be manag- 
ing director of the Marine Division of the 
group on September 30th when he left the 
service of the company. 


SIR ERIC MIEVILLE, chairman of 
Dewrance & Co., Ltd., is to retire on 
December 31st, 1961. He will be succeeded 
by the present deputy chairman, SIR 
DONALD PERROTT. SIR FRANCIS 
EVANS is also to retire from the board. 
MR. J. B. W. CUNNINGHAM, formerly 
of the Engineering Group of the UKAEA, 
has been appointed managing director of 
the company. 


Plessey have announced the appointment 
of MR. A. A. EVANS as sales manager of 
their Capacitors and Resistors Division at 
Swindon. Previously Mr. Evans was 
regional sales administrator at Swindon. 


MR. H. V. DISNEY, CBE, formerly 
deputy managing director of the Engineering 
Group of the UKAEA, has been promoted 
to managing director. The present manag- 
ing director, MR. J. B. W. CUNNING- 
HAM, is to resign on January 20th, 1962. 
Mr. Disney was a member of the original 
team which started the Department of 
Atomic Energy at Risley in 1946 and 
became chief engineer, services and supply, 
in 1947. In 1950 he became chief design 
engineer for the diffusion plant at Capen- 
hurst and in 1957 was made deputy director, 
defence plants. He was appointed director 
of engineering, Industrial Group, in 1958 
and director of engineering, Development 
and Engineering Group, in 1959. Mr. 
Disney was appointed deputy managing 
director, Engineering Group, earlier this 
year. 


Guest of Honour at the recent Institution 
Annual Dinner held at the Savoy was DR. 
KENNETH RUSH, a prominent American 
industrialist. Dr. Rush obtained the degree 
of AB at the University of Tennessee in 
1930. He joined the law department of 
Union Carbide in 1936. Dr. Rush has held 
various executive positions with the cor- 
poration and is at present executive vice- 
president in charge of nuclear ore and 
international activities. 


The death is regretfully announced of 
MR. N. W. SHAW, deputy chief engineer 
of the nuclear engineering department of 
W. S. Atkins & Partners. Mr. Shaw died 
while in Cairo on business. 


MR. J. A. ENWRIGHT has been ap- 
pointed a director of the Wayne Kerr 
Engineering Co., Ltd., and MR. G. L. 
BALL has been appointed sales director of 
Wayne Kerr Laboratories, Ltd. Mr. 
Enwright joined Wayne Kerr in 1953 as 





Mr. A. A. Evans 





Sir William Cook, CB 





Dr. K. Rush 


sales and contracts manager and Mr. Ball 
joined in 1958 as general sales manager. 


DR. G. MACFARLANE, deputy director 
of the National Physical Laboratory, has 
been appointed director of the Royal 
Radar Establishment at Malvern. His 
successor will be DR. DUNWORTH, 
deputy director of Winfrith Atomic Energy 
Establishment. Dr. Dunworth is 44 and 
graduated with first-class honours from 
Cambridge in 1937. He remained at 
Cambridge to do post-graduate research 
under Lord Rutherford and _ Professor 
Norman Feather. In 1939 he was invited 
to join Sir John Cockcroft’s team which was 
investigating the use of radar. This work 
continued until 1944 when he went to 
Canada with Sir John to work on the 
development of atomic energy. After the 
war he returned to Cambridge as a demon- 
strator in physics at the Cavendish Labora- 
tory. Dr. Dunworth rejoined Sir John 
Cockcroft at Harwell in 1946 and has since 
held a number of senior posts. 
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Research centre 

A CENTRE for high energy physics re- 
search is to be built at Argonne National 
Laboratory. Cost of the new centre will 
be $6:9m. The building will adjoin the 
Zero Gradient Synchrotron on Argonne’s 
site 25 miles south-west of Chicago. 
Physicists at the centre will study nuclei of 
atoms and the forces that hold them 
together. This programme is basic research 
aimed at learning more about some 30 
known subatomic particles. Construction 
of the building is expected to begin in 
April, 1962, and will be complete in August, 
1963. 


Belgian organizations 
BELGIUM is the country dealt with in the 
latest IAEA publication in the World List 
series. Like the other publications in the 
series, this one lists all the bodies in Belgium 
which are connected with the nuclear 
industry. 


Sonar picture 

WORK is being carried out at Hanford to 
adapt nautical sonar equipment to beam 
instant and exact records of the inside of 
reactor process tubes on to an oscillograph 
screen. Should this method prove effective, 


Pool 
Reactor 
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it is thought that a considerable reduction 
will be achieved in reactor shut-down time 
and that damage to vital reactor test equip- 
ment will be prevented. 


Work at Hinkley 

CIVIL engineering at Hinkley Point is now 
virtually complete. A start has been made 
on laying the graphite core for No. 1 
reactor and fuel loading is expected to start 
in the spring of next year. Construction on 
this station began in December, 1957, and 
since then 700,000 cu.yd of shale and lime- 
stone have been excavated and 300,000 
cu.yd of reinforced concrete laid. So far 
24,000 tons of steel reinforcement and 
structural members have been incorporated 
in the power station. 


Super magnet 


WESTINGHOUSE Electric International 
Co. have developed a new super conducting 
magnet which they claim will considerably 
increase the chances of direct, large-scale 
generation of electric power. Bigger and 
better atom smashers will also be possible. 
The wire used in the windings of this new 
type electromagnet has been made from a 
superconductor which means that a magnet 
of the new type weighing 1 lb creates a 


Pool-type reactor recently built by AMF at Union Carbide’s Research 

Centre in Sterling Forest, near Tuxedo. 

heat energy and will be used to study the effects of radiation of pro- 
ducts and processes in metals, chemicals, gases and plastics. 


It is rated at 5,000 kW of 





magnetic field twice as strong as that from 
a conventional iron-core electromagnet 
weighing 20 tons. In addition to this, the 
conventional type magnet would require a 
continual power supply of 100,000w while 
the new type can be run from a normal car 
battery. Production of the special wire 
used in this magnet was a major metal- 
lurgical problem. Special techniques were 
developed to prepare the alloy and to take 
it through the complicated metal processing 
which eventually produced the wire re- 
quired. 


Effluent tanker 

KEEPING up with their claim of being 
able to build a tanker for any type of load, 
Scammell Lorries, Ltd., have just gained 
an order from the Pakistan Atomic Energy 
Commission for one to carry atomic effluent. 
The first export order of its kind in Scam- 
mell’s 40 years’ experience of tanker 
building, it calls for a 1,650 gal stainless 
steel tank semi-trailer of frameless con- 
struction, equipped with Scammell auto- 
matic coupling gear. It will be hauled 
between Karachi and various disposal 
points in West Pakistan by a Leyland 
Comet tractor. 


Belfast reactor 


THE Queen’s University, Belfast, has ap- 
pointed a University Committee headed by 
Professor K. G. Emeleus, Professor of 
Physics and Nuclear Adviser to the Govern- 
ment, to study the acquisition of an educa- 
tional type nuclear reactor. While the 
main purpose of such a reactor is in teaching 
nuclear techniques, it can produce isotopes 
for medical and other research, and one 
benefit would be that short-life isotopes 
used in Northern Ireland hospitals and in 
agricultural research, would no longer be 
imported from Britain. 


lonizing regulations 


SIX Orders under the Ionizing Radiations 
(Sealed Sources) Regulations, 1961, have 
been made by the Minister of Labour. 
These Orders come into force on February 
Ist, 1962, and prescribe the details to be 
kept of maximum permissible radiation 
doses and of doses received by each worker 
designated as a “ classified worker ’’ under 
the Regulations, of medical examinations 
for such workers, and of tests of instru- 
ments used to check radiation levels. 
Methods for testing a sealed source for 
leakage is stipulated and the level of leakage 
is laid down at which a source must be 
taken out of use until it has been repaired. 
The form of the record, which an employer 
must give to a worker leaving his employ- 
ment is laid down, as are the particulars 
which are to be included in certificates of 
results of examination of photographic 
films worn by workers to measure any 
exposure to ionizing radiations. 
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New Soviet reactor 


A NEW nuclear reactor for research in the 
physics of neutrons, built by Soviet scien- 
tists, is now operating in the Joint Nuclear 
Research Institute at Dubna, near Moscow. 
The functioning of the reactor is based on 
plutonium rods and a disc with U235, 
making 5,000 rev/min. The maximum 
capacity of the reactor is 3,000 kW. The 
research being done with the new reactor is 
mainly concerned with the problem of 
transforming nuclear energy directly into 
electrical energy. 


Research reactors 


PROGRAMMING and utilization of re- 
search reactors was the subject of a confer- 
ence organized recently in Vienna by the 
IAEA. The conference recommended a 
number of measures to enlarge the role of 
the Agency in international co-operation 
and in assisting the developing countries. 
A division of labour was also suggested 
between the advanced and developing 
nations, whereby the former should concen- 
trate on such world-wide problems as 
cancer research and the latter on local 
problems. Other suggestions were that the 
Agency prepare and place at the disposal 
of the less advanced countries a list of the 
present world production of radioisotopes 
and recommendations on the suitability of 
various types of research reactors. 


international collaboration 


INTERNATIONAL collaboration in ad- 
vanced nuclear research was discussed by 
nuclear experts from 13 European countries, 
the U.S.A., Canada, and Euratom at a 
meeting organized recently by the ENEA 
in Paris. Reactor physics, direct conversion 
of nuclear energy to electricity, electronic 
computation and data processing, advanced 
types of reactors and very high flux reactors 
were all considered suitable for inter- 
national collaboration. It was felt that the 
first step in each case should be a detailed 
examination, by specialists working in the 
field, of present knowledge, problems and 
requirements. This examination may take 
the form of a symposium with the partici- 
pation of various laboratories and organiza- 
tions not directly engaged in the nuclear 
field. 


Future power reactors 


POWER Reactor Experiments were the 
subject of a symposium held in Vienna 
recently by the IAEA. Papers were pre- 
sented, by experts from 21 countries, on new 
concepts which justified the erection of 
entirely new prototype reactors with the 
attendant technical and financial risks. The 
major types involved in the discussion 
were high temperature gas-cooled reactors, 
aqueous homogeneous suspension and 
molten salt homogeneous reactors, nuclear 
superheat reactors, steam-cooled reactors 
and fast breeder reactors. Mr. H. W. 
Bowker of the U.K. pointed out that the 
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target of all reactor designs is to build a 
plant with a low original cost, in which 
fuel is used in such a way as to add little 
to the cost of power and which will operate 
at high efficiency. He went on to claim 
that “* compared with rivals working in the 
conventional field nuclear engineers have 
made relatively little progress along these 
roads.” Mr. G. E. Lockett presented a 
paper on the DRAGON project in which 
he pointed out the good development 
potential of this reactor sinc2 it brings 
within reach the possibility of achieving in 
one reactor a high power output per unit 
volume of core (making possible a smaller 
size of plant), a high gas outlet temperature 
(which increases efficient operation) and 
high heat output per unit of fuel, which 
minimizes the need to shut down the 
reactor to replace irradiated fuel. The 
Experimental Beryllium Oxide Reactor 
soon to be constructed at the American 
National Reactor Testing Station in Idaho 
will be used to test fuel elements and 
moderator designs applicable to gas-cooled 
reactors for maritime or electric power 
purposes. Dr. R. Shanstrom predicted that 
in the 20- to 100-electrical MW range 
reactors of this type “will be a serious 
contender in the race to provide economical 
nuclear power.” This may be especially 
so, he said, when the reactors are coupled 
to closed cycle gas turbines. The French 
fast neutron, solium-cooled reactor RAP- 
SODIE was described for the first time in 
a paper delivered to the symposium by Mr. 
C. P. Zaleski. The reactor will be built in 
the South of France with a power output 
of at least 10 MW(th). It will use plutonium 
and U235 as fuel and will be employed as 


Machine for Hinkley 


a test reactor for the development of 
future fast reactors. Estimated date for 
criticality is 1964. No comparison between 
the different types of reactors was attempted 
since much research still remained to be 
done before specific technical and economic 
questions could be answered. 


Ore enrichment 

NUCLEAR reactions triggered by alpha 
particles, gamma quanta and neutrons have 
been used successfully in the U.S.S.R. to 
control the process of enriching non-ferrous 
and rare metal ores, according to Professor 
Igor Plaksin at a recent conference in 
Leningrad on the use of radioisotopes in 
the mining industries. He said that the 
methods of control developed on the basis 
of these reactions enabled the determination 
of the content of elements in enrichment 
products within 5 to 15 minutes: dozens 
of times faster than by any other method. 
He added that this had provided the basis 
for the extensive automation of enrichment 
processes. Explaining the new methods, he 
stated that rapid analyses were made pos- 
sible by the measurement of induced radio- 
activity, or the secondary nuclear particles 
produced in enrichment products by 
nuclear reactions. 


Life processes 


WORK completed recently, using radio- 
isotopes to explore the life processes of 
animals and human beings, was the subject 
of a conference organized in Mexico City 
last month by the IAEA, the World Health 


One of two horizontal ion chamber handling machines supplied by Hall Engineering Ltd., 
to the English Electric, Babcock & Wilcox, Taylor Woodrow Atomic Power Group for 
the Hinkley Point Power Station 
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Organization and the Food and Agricul- 
tural Organization. The use of radio- 
isotopes as tracers to explore the life 
mechanism of a single cell, the roles of 
minerals and organic compounds in physio- 
logy and biochemistry and the normal 
function of various life processes and their 
impairment by disease were all considered. 
This was the first major conference spon- 
sored by the [AEA in the Western Hemi- 
sphere and was intended to be the life 
science equivalent of the Copenhagen 
Conference of 1960. 


Social insurance 


IT has been recommended by the IAEA 
Administration and Legal Committee that 
the Director-General should be asked to 
study the question of social insurance for 
scientists working on the peaceful applica- 
tions of nuclear energy. Lack of this 
insurance is regarded as an obstacle to the 
free exchange of scientists. 


ENEA and propulsion 


ENEA’s Study Group on Ship Propulsion 
recently held its second meeting in Paris. 
Reports from the two Expert Groups set 
up at the first meeting were examined. 
Particular attention was paid to con- 
sideration of possible reactor systems and 
types of ship which could be built as a joint 
European undertaking. More detailed 
examinations are now to be made of three 
types: a bulk-carrier, a tanker and an 


Power Station 
at Chooz 
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SIZEWELL SITE BEFORE EXCAVATION 





oceanographic vessel. The Belgian VUL- 
CAIN reactor project is also to be further 
investigated with a view to co-ordinating a 
joint research programme. Legal problems 
involved in the joint construction and 
operation of a nuclear ship are to be 
examined by a group of experts. 


Plant at Sizewell 


SOME of the largest and most powerful 
plant in the country is now being assembled 
at Sizewell. Work on the station is already 
ahead of schedule. A 10-ton capacity free- 
travelling Peine tower crane, weighing 200 


Artist’s impression of the 242,000 kW underground 
nuclear power plant to be built at Chooz in the Ardennes. 
Euratom is playing a large part in financing the project 
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tons, has been reassembled at Sizewell after 
use at Hinkley Point. The 400-ton capacity 
Goliath crane used at Hinkley is now 
arriving at Sizewell for reassembly. Foun- 
dations for this crane are nearly completed. 
The boiler houses and reactor foundation 
raft are complete and shielding walls for 
No. | reactor are well advanced. Excava- 
tion for the pump house is virtually com- 
plete and concrete is being placed. Two 
1,800 ft long tunnels are being driven to 
the cooling water intake. Reactor pressure 
vessels for the station are to be welded on 
site, in fabrication sheds now under erection. 
One thousand men are now employed on 
the site in this number is expected to rise to 
a peak of 2,000 men. 


Site evaluation 


THE need for a sound scientific basis 
for evaluating reactor sites was discussed 
at a recent panel meeting held jointly by 
the IAEA and the International Organiza- 
tion for Standardization (ISO). This matter 
is of considerable importance and has been 
under consideration for some time. The 
subjects examined by the panel included 
the overall approach to reactor siting in 
different countries, assumptions regarding 
potential reactor accidents used in site 
evaluation, alternative containment 
schemes, patterns of transport and disper- 
sion of fission products released into the 
air, ground or water, tolerable exposure 
doses and experience from reactor acci- 
dents. 


Hunterston correction 


AN inaccuracy in our article “ Stress- 
relieving at Hunterston” published in the 
October issue has been pointed out to the 
Editor. On page 419 it was stated that 
““ crack-detection tests on 10 per cent. of 
all nozzle welds ** were carried out. In fact, 
crack-detection tests were carried out on all 
nozzle welds. /\ \/ 
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The stability and anti-rusting properties of 
soluble cutting oils vitally affect the sustained 
performance of a machine tool. 

Shell Research has painstakingly studied these 
qualities by the comparative evaluation of different 
emulsifying and coupling agents. This Shell- 
devised rig, the Shell Emulsion Stability Test, 
simulates under strict control, but more severely 
than usual industrial applications, the conditions 
in which soluble oils operate. 

A gallon of the emulsion is circulated continuously 
for 48 hours through a copper feed-pipe and over 
a heated iron tube before percolating back to 
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the sump through a layer of steel turnings. Water 
evaporation is made up at prescribed intervals 
and at the end of the test. 

The appearance of the oil and the condition of 
the feed-pipe, iron tube and turnings reveal the 
extent of the corrosion. 

By comparing the percentage change of oil content 


inthe slurry before and after the test, the stability 
of the emulsion can be expressed quantitatively. 


Write for the booklet, Selecting Your 
Cutting Oils, to Lubricants Dept., 
Shell-Mex House, London, W.C.2. 


oot 
SHELL CUTTING OILS 
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The heat developed by the twin 
reactors of the new Berkeley atomic 
power station poses problems of 
thermal insulation which will require 
new techniques in their solution. 
Confining and controlling such intense 
yet precious thermal energy constitutes a 
challenge—a test worthy of the 
knowledge and skill acquired in 

65 years’ experience of 

thermal insulation manufacture by 

The Cape Asbestos Company, to whom 
the contract has been entrusted. 


THE GAPE ASBESTOS COMPANY LIMITED 


Manufacturers of: 


CAPOSITE 


Moulded Amosite Asbestos Insulation 


ROCKSIL 


Rock Wool Insulation 


PLUTO 


Asbestos Textiles 






.\/. At the Berkeley Nuclear Power Station of the 

¢ nN Central Electricity Generating Board, the contract 
Ee for supplying and installing thermal insulation 
CA P e for the TWO REACTOR PRESSURE VESSELS, 

16 HEAT EXCHANGERS, THE CO 

DUCTING AND MAIN STEAM PIPES has been 


ASBESTOLUX asbestos insulation board, MARINITE asbestos awarded by the main contractors 
sheet and CAPASCO moulded brake linings and clutch facings are AEI- John Thompson Nuclear Energy Co. Ltd., to 
also manufactured by the Cape Asbestos Group of Companies. The Cape Asbestos Company Limited. 


THE CAPE ASBESTOS COMPANY LIMITED 
114 & 116 PARK STREET, LONDON, W.1. TELEPHONE : GROSVENOR 6022 
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age in STEEL 


We live in a new age of steel. An age where steel has 
progressed beyond its basic use in industry, to enter modern 
life in new, sculptured forms. Instrumental in this exciting 
development of one of the most fundamental of all raw 
materials are Norwood Steel Equipment Limited . .. where, 
today, steel is fashioned into contemporary office and indus- 
trial partitioning ... compact, pleasingly-proportioned office 
furniture...and super-efficient storage systems. Steel is 
strong. Steel is clean. Steel is aesthetically light and airy. 
At Norwood Steel Equipment, steel is fashioned to fit neatly 
into the demands of modern architecture and modern living, 
by adding new concepts of design and colour. 

In this new age in steel, consult Norwood Steel Equipment 
Limited. 
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booklets showing new ideas in steel 


PARTITIONING - STORAGE -: OFFICE EQUIPMENT 












To: NORWOOD STEEL EQUIPMENT LIMITED 


IN IN OFFICE IN STORAGE HOWARD WAY, HARLOW, ESSEX 
PARTITIONING: FURNITURE: SYSTEMS: Tel.: Harlow 25651 
to make the best use streamlined — strong — adaptable os , 
of light and space efficient — space —easy to erect AR SONE Ae SY SD OP 
saving and use Steel 1 Steel office  — Steel storage 
partitioning “~ furniture ) systems 
NORWOOD STEEL EQUIPMENT LIMITED NS ects iiss ionharnedesaaee ee 


HEAD OFFICE and FACTORY: HOWARD WAY, HARLOW, ESSEX. 
Telephone: HARLOW 25651. 


LONDON DISPLAY CENTRE: 149 BOROUGH HIGH ST., LONDON, S.E.1 
Telephone: HOP 5033 and at Birmingham, Manchester and Bristol 
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N.E.12. 


MATHEMATICS IS EASY 
by D. S. Watt, B.Sc., M.I.N.A. 





Size of the Book 84 in. x 54 in. and is in blue cloth. Over 480 pages with 109 diagrams. 
Send 48/- (which includes postage) for immediate attention 


PRINCES PRESS’ LIMITED, 147 VICTORIA STREET, S.W.1 
eSNG mmm 
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The INSTITUTION of NUCLEAR ENGINEERS 


invites Papers for the 


PINKERTON FOUNDER AWARD 


of 
| OO guineas 


In accordance with the decision of the Council to make its annual 100 guineas award under the title of 
The Pinkerton Founder Award, papers are now invited on any subject in the field of nuclear energy 
for industrial or other peaceful purposes. 





Papers must be ORIGINAL works and illustrated where appropriate. 


The successful Paper will be presented at the Annual General Meeting of the Institution by its author 
who will receive 100 guineas. In the event of the Adjudicators considering more than one paper of 
equal merit the Award will be divided among their authors. Other Papers may be accepted for 
publication in the Journal at publication rates. 


CLOSING DATE: 29th DECEMBER, 1961 


Papers should be sent (and communications on the subject addressed) to: 
Pinkerton Founder Award 1961, The Institution of Nuclear Engineers, 
147, Victoria Street, London, $.W.1 














Physics is part of your life. You 
cannot get away from it. Whether 
you are a poet or photographer, a 
theologian or telegraphist, a baritone 
or a bus-driver, a knowledge of this 


subject will enrich you. 


Size of the Book 84 in. x 54 in. and is 
in blue cloth. 560 pages with 123 
diagrams. Send 63/- (which includes 
postage) for immediate attention. 





PRINCES PRESS LIMITED, 147 VICTORIA STREET, S.W.1 


Printed and Published by Princes Press, Ltd., 147, Victoria Street, Westminster, S.W.1 
Conditions of Sale and Supply.—This periodical is sold subject to the following conditions, namely, that it shall not, without the permission of the publishers 
first given, be lent, hired out or otherwise disposed of by way of trade except at the full retail price of three shillings and sixpence and that it shall not be lent, resold, 
hired out or otherwise disposed of in a mutilated condition or in any unauthorized cover by way of trade; or affixed to or as part of any publication or advertising, 
literary or pictorial matter whatsoever 
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Our experts would be glad 
to discuss your problems 
and, if requirements do 
not warrant the purchase 
of a computer, we 

suggest you consider 

the facilities of our 
Computer Service Centres. 


INDUSTRIAL 
ELECTRONICS 


GROUP 
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SOLVE YOUR PROBLEMS at the 


Stantec-Zebra 


Electronic Digital Computer Service Centres 





Some of the problems being handled by the ‘Zebra’ 


Empirical and theoretical studies of dam and bridge testing 


Processing of empirical data resulting from photographic 
studies and aerial surveys 


Bridge design 











A double 
input-output 

Stantec-Zebra 
Computer 


STC are Britain’s biggest exporters of digital computers 


Standard Telephones and Cables Limited 


INFORMATION PROCESSING DIVISION: CORPORATION ROAD - NEWPORT - MON 
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Try this new IDEA at your factory 


The new CORBY plant for British Sealed Beams Ltd., and other modern 
factories, have Brooks’ Fan-powered ‘Vertical Jet’ roof extract units to discharge 
fumes and contaminated air high above building roof level. Brooks’ Fan-powered 
Standard weathercap type Roof Units are used as fresh air intakes to unit heaters 
and input ventilation plants. 
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Architects: 
Corby Development Corporation 
Consulting Engineers: 


Edward A. Pearce & Partners 
Heating & Ventilating Contractors: 
Arthur Heaton & Co. Ltd. 
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